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@ Thenmochromlc laminate member, and composition and sheet for producing the same. 

@ A thermochromic laminate member capable of reversible change from a metallic luster color to a 
\coloriess state, comprises a first layer for regulating the wavelength of reflected light, composed of a 
metal luster pigment, which consists of natural mica surfacially covered with titanium oxide and has a 
grain size of 5 to 100 )im, and a film fonning material ; and 

a second layer composed of a thermochromic material, which consists of an electron donating 
compound, an electron accepting compound, and an organic medium enabling a reversible color- 
forming reaction between said compounds and has a luminocity value of 6 or lower in the colored state 
and a luminocity value of 8 or higher in the colorless state, and a film fonning material. 
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The present invention relates to a metallically lustrous thermochromic laminate member of various metallic 
colors such as gold or silver, and a coating composition and a sheet adapted to be used in the preparation of 
said laminate member 

~ Thermochromic materials showing reversible color change between a colored state and a colorless state 
5 or between a first colored state and a second colored state are already disclosed, for example, in the U.S. Pa- 
tents Nos. 4,028,118, 4.720,301 and 4,732,810. and thermochromic members employing such materials have 
been commercialized in the fields of temperature-indicators, toys, articles for magic etc. 

However,' there have not been known thermochrorhic materials that show, by a temperature change, a re- 
versible color change between a metallic luster color such as gold or silver and a colorless state, or another 
10 colored state, nor thermochromic members that dearly exhibit such color change. 

An attempt to diversify the color change is disclosed in the Japanese Utility Model Publication No. 3-14400. 
The thermochromic member disclosed therein is formed by covering thermosensitlve liquid crystal with a pearl 
luster layer, thereby realizing a color change with pearl luster. 

However, since liquid crystal is basically odorless and only reflects a certain wavelength by selective scat- 
15 tering of the visible light, it requires a dark opaque layer in the back and therefore shows cdor changes of black- 
red-yeJIow^green-blue-purple-black. Consequently dear odor changes cannot be realized when a pearl luster 
layer Is provided thereon. For example, if a pearl luster gold-cdor pigment is employed, the odors appear in 
the order of gold, gold-toned red, gold-toned yellow, gdd-toned green, gold-toned blue, gold-toned purple and 
gold, and there cannot be obtained a dear change to a color without gold tone. Also in case a pearl luster silver- 
20 color pigment is employed, the color changes in the order of silver, silvery red, silvery yellow, silvery blue, sil- 
very purple and silver, without dear change to a color free from metallic luster. Also with other metallic luster 
pigments, the behavior Is similar and there cannot be obtained clear change from a metallic luster color to a 
color without such metallic luster, it is furthermore not possibly to achieve a change from the pearl luster cdor 
to a cdorless state, nor to conceal or display the background cdor. 
25 Since gdd, sflver and other metallic luster colors appear gorgeous, a color change finom such metallic luster 
color to another color is most impressive to the spectators and has therefore been longed for in the thermo- 
chromic material. 

The Inventors have reached the present invention through an investigation to achieve effective color va- 
riation by the thermochromic material and to attain dear thermal change to various colors from gold, silver and 

30 metallic luster cdors. Different from liquid crystal, the thermochromic material of the present invention shows 
a dear cokar change In Itself/^so that it does not requires a dark opaque background, and Is still capable of 
showing a change between a cdored state and a cdorless state. 

It is therefbffB possible to demonstrate a change from a metallic luster color to a coloriess state by laminating 
a pigment layer of gold, silver or another metallic luster color on a colored-colorless varying layer employing 

35 .the above-mentioned thermochromic material. It is also possible to demonstrate a change from a metallic luster \ 
color to white by forming the cdored-colortess thermochromic layer on a white substrate and laminating a met- 
allic luster pigment layer thereon. It is furthermore possible to demonstrate, to the observer, a dear change 
from a metallic luster cdor to another color by mixing a non-thermochromk: coloring material. It is furthermore 
possible to conceal the underlying cdored layer with the metallic luster cdor. These color changes or conceal- 

40 Ing action cannot be attained in the aforementioned system based on liquid crystal. Also the use of a thermo- 
chromk: material with a large hysteresis, so-called color-memorizing heat-sensitive material, allows to retain 
the varied state after the rennsval of heat or coldness required for thermal cdor change and to demonstate 
such varied state in normal temperature range. Because of such clear thermal change of various metallic luster 
cdors, the present invention is applicable to various fields of decoration, interior, toys, stationary and informa- 

45 tion. 

The aspects of the present inventton are as follows: 

1 . A thermochrorr :: laminate member capade of reversible change from a metallic luster cdor to a color- 
less state, comr '-g: 

A) a first lay r r regulating the wavelength of reflected light, composed of a metal luster pigment, which 
so consists of iral mica surfacially covered with titanium oxide and has a partidesizeof 5 to 100 ^m, 

and a film tc ::iing material; and 

B) a second layer composed of a thermochromic material, which consists of an electron donatirq com- 
pound, an electron accepting compound, and an organic medium enabling a reversible coior-forming " 
reaction between said compounds and has a luminocity value of 6 or lower in the colored state and a 

55 lumlnodty value of 8 or higher in the cdorless state, and a film forming material. 

2. A thermochromic laminate member capable of reversible change from a metallic luster cdor to a color- 
less state, according to the aspect 1, comprising: 

A) a first layer for regulating the wavelength of reflected light, selected from (a) a metallic luster coating 

2 
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obtained by a cx>ating composed compound of a metal luster pigment, which consists of natural mica 
surfacially covered with titanium oxide and has a particle size of 5 to 100 i^m, a fflm forming material 
and a vehicle; and (b) a metallic luster sheet molded from a metallic luster pigment which consists of 
natural mica surfacially covered with titanium oxide and has a particle size of 5 to 100 ^m, and synthetic 
resin; and 

B) a second layer selected from (a) a coated layer obtained from a coating composition composed of 
a thermochromic material, which consists of an electron donating compound, an electron accepting ma- 
terial and an organic medium enabling a reversible color-forming reaction between said compounds 
and has a luminocity value of 6 or lower in the colored state and a luminocity value of 8 or higher in the 
colorless state, a film forming material and a vehicle, and (b) a thermochromic sheet molded from a 
thermochromic material, which consists of an electron donating compound, an electron accepting com- 
pound and an organic medium enabling a reversible color-forming reaction between said compounds 
and has a luminocity value of 6 or lower in the colored state and a luminocity value of 8 or higher in the 
colorless state, and synthetic resin. 

3. A thermochromic laminate member capable of reversible change from a metallic luster color to a dye or 
pigment color, according to the aspect 1 or 2, wherein the second thermochromk: layer contains a non- 
thermochromic colored dye or pigment, and the mixture has a luminocity V1 of 6 or lower in the color-de- 
veloped state and a luminocity V2 of 4 or higher in the color-diminished state, said luminocities satisfying 
a relation V2- VI >1. 

4. A thermochromic laminate member capable of reversible change from a metallic luster color to a dye or 
pigment color, according to any of the aspects 1 to 3. further comprising a non-thermochromic colored layer, 
which is positioned next to the thermochromic layer of said laminate member, is composed of a non-ther- 
mochromic colored dye or pigment and a film forming material, has a luminocity V3 of color density of 4 
or higher, and satisfies a relation V3 - V4 > 1, wherein V4 is the luminocity of the thermochromic material 
in the color-developed state. 

5. A thermochromic laminate member according to any of the aspects 1 to 4 and capable of reversible 
change from a metallic luster cdor to a colorless state or pale yellow or a dye or pigment color, wherein 
the thermochromic material consists of microcapsules enclosing an electron donating compound, an elec- 
tron accepting compound and an organic medium capable of causing a reversible color-forming reaction 
of said compounds. ' ' ' 

6. A thermochromic granular material formed into powder state by cutting the thermochromic laminate 
member according to any of the aspects 1 to 5 and capable of reversible change from a metallic luster color 
.to a colorless state or a dye or pigment color. 

7. A thermochromic fiber formed by cutting the thermochromic laminate member according to any of the 
- aspects 1 to 5 and capable of reversible change from a metallic color to a colorless state or a dye or pigment 
color. 

8. A two-liquid coating composition for forming a thermochromic laminate member capable of reversible 
change from a metallic luster color to a colorless state, consisting of. , 

A) a coating composition compound of a metallic luster pigment consisting of natural mica surfacially 
covered wiht titanium oxide, a f ilrn forming material, and a vehicle; and 

B) a coating composition composed of a thermochromic material, which consists of an electron donating 
compound, an electron accepting material, and an organic medium capable of causing a reversible col- 
or-forming reaction between said compounds and has a luminocity value of 6 or lower in the color-de- 
veloped state and a luminocity value of 8 or higher in the colorless state, a film forming material and 
a vehicle. 

9. Atwo-liquid coating composition according to the aspect 8 and capable of reversible change from a met- 
allic luster color to a dye or pigment color, wherein the coating composition composed of the thermochromic 
material, the film forming material and the vehicle contains a non-thermochromic colored dye or pigment, 
and the rriixed system has a luminocity VI of 6 or lower in the color-developed state, and a luminocity V2 
of 4 or higher in the color-diminished state, said luminocities satisfying a relation V2 - VI > 1. 

10. A tfiree-liquid coating composition for forming a thermochromic laminate member capat>te of color 
change to a non-thermochromic dye or pigment color, comprising: 

A) a coating composition composed of a metallic luster pigment consisting of natural mica surfacially 
covered with titanium oxide and having a particle size of 5 to 100 ^ m, a film forming agent and a vehicle; 

B) a thermochromic composition selected from (a) a coating composition composed of a thermochromic 
material, which consists of an electron donating compound, an electron accepting compound and an 
organic medium capable of causing a reversible color-forming reaction of said compound sand has a 
luminocity of 6 or lower in the color-developed state and a luminocity of 8 or higher in the colorless state. 
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a film forming material and a vehicle, and (b) a coating composition composed of a thermochromic ma- 
terial, which consists of an electron donating compound, an electron accepting compound and an or- 
ganic medium capable of causing a reversible coior-forming reaction of said compounds, and has a 
luminocity of 6 or lower in the color-developed state and a iuminocity of 8 or higher in the colorless state, 
and a non-thermochromic colored dye or pigment, with the mixed system having a luminocity V1 of 6 
or lower in the color-developed state and a luminocity V2 of 4 or higher in the color-diminished state, 
said lumincicities satisfying .a relation V2 - VI > 1; and 

C) a coating composition composed of a ndn-thermochromic dye or pigment, a film forming material 
and a vehicle, having a luminocity V3 of 4 or higher and satisfying a relation V3 - V4 > 1, wherein V4 
is the luminocity of the thermochromic material in the color-developed state. 

11. A coating composition according to any of the aspect 8 to 10, for forming a thermochromic laminate 
member capable of reversible change from a metallic luster color to a colorless or pale yellow state or a 
dye or pigment color, wherein the thermochromic material consists of microcapsules enclosing an electron 
donating compound, an electron accepting compound and an organic medium capable of causing a rever- 
sible cdor-fcM'ming reaction of said compounds. 

12. A sheet for forming a therntochromic laminate member capable of reversible change from a metallic 
luster color to a colorless state, comprising a combination of: 

A) a metallic luster sheet noolded from a metallic luster pigment consisting of natural mica surfacially 
. covered with titanium oxide and having a partide size of 5 to 100 ^m, and a synthetic resin; and 

B) a thermochromic sheet molded from a thermochromic material, which consists of an electron don- 
ating compound, an electron accepting compound, andean organic medium capable of causing a re- 
versible color-forming reaction of said compounds and has a luminocity of 6 or lower in the color-de- 
veloped state and a luminocity of 8 or higher in the colorless state, and a synthetic resin. 

1 3. A sheet for according to the aspect 12, for forming a thermochromic laminate member capable of re- 
versible change from a metallic luster color to a dye or pigment color, wherein the thermochromic sheet 
comprises, in addition to the thermochromic material, a non-thernrK)chromic colored dye or pigment, and 
has a luminocity VI of 6 or tower in the color-developed state and a luminocity V2 of 4 or higher in the 
color-extinguished state, wherein said luminodties satisfy a relation V2 - VI > 1 . 

14. Three combined sheets for forming a tiiermochromtc laminate member capable, of reversible change 
from a metsdiic luster color to a dye or pigment cdor, comprising: -r * 

A) a metallic luster sheet molded from a metallic luster pigment consisting of natural mica surfadally 
,;00vered with titanium oxide and having a grain size of 5 to 100 )un, and synthetic resin; ^ 

B) a tt)ermochromic sheet selected from (a) a sheet molded from a thermochromic material consisting 
of an electron donating compound, an electron accepting compound and an organic medium capable 
of causing a reversible cdor-forming reaction of said compounds and having a luminodty of 6 or lower 
in the color-generated state and a iuminocity of 8 or higher in tiie colorless state, and (b) a sheet molded 
from a tiriermochromic material consisting of an electron donating compound, an electron accepting 
compound and an organic medium capable of causing a reversible color-forming reaction of said com- 
pounds and having a luminocity of 6 or lower in the color-generated state and a luminocity of 8 or higher 
in the colorless state, and a non-thermochromic colored dye or pigment, wherein ttie mbced system has 
a luminodty VI of 6 or lower in ttie color-generated state and a luminodty V2 of 4 or higher in ttie color- 
diminished state, said luminodties satisfying a relation V2 - VI > 1 ; and 

C) a colored sheet composed of a non-tiiermochromic colored dye or pigment and synthetic resin, and 
having a luminodty V3 which satisfies a relation V3 - V4 > 1 , wherein V4 is the luminodty of the ther- 
mochromic material in tiie color-generated state. 

1 5. Combined sheets according to any of tiie aspects 1 2 to 1 4, for forming a therochromic laminate member 
capable of reversible change from a metallic luster color to a colorless or pale yellow state or a dye or pig- 
ment color, wherein tiie tiiermochromic material consists of microcopsules endosing an electron donating 
compound, an electron accepting compound and an organic medium capable of causing a reversible color- 
forming reac: V)n of said compounds. 

1 6. A thermoc:iromic laminate member according to any of the aspects 1 to 15, wherein the metallic luster 
pigment is selected from a gold luster pigment consisting of natural mica surfadally covered with titanium 
oxide of 41 - 44 wt% witii an optical tiiickness of 180 - 240 nm, and having a particle size of 5 - 60 ^m, a 
gold luster pigment consisting of natural mica surfadally covered with titanium oxide of 30 - 48 wt% witii 
an optical ttiickness of 140 - 240 nm, and having a grain size of 5 - 60 ^m, a gold lusted pigment consisting 
of natural mica surfacially covered witti titanium oxide of 30 - 48 wt.% and with a non-thermochromic col- 
ored pigment of 0.5-10 wt%. witii a combined optical ttiickness of 140 - 240 nm, and having a partide 
size of 5 - 60 ^m, a silver luster pigment consisting of natural mica surfacially covered with titanium oxide 
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of 16 - 39 wt% with an optical thickness of 110 - 170 nm, and having a partide size of 5 - 100 m. and a 
metallic luster pigment consisting of natural mica surfacially covered with titanium oxide of 45 - 58 wt.% 
with an optical thickness of 245 - 415 nm. and having a particle size of 5 - 60 ^m. 
17. A thermochromic laminate member according to the aspect 16, wherein the metallic luster pigment is 
5 selected from a metallic luster pigment consisting of natural mica surfacially covered with titanium oxide 

of 45 " 58 wt% and then with iron oxide of 4 - 10 wt.% with a combined optical thickness of 245 - 415 nm, 
and having a partide size of 5 60 ^m, a metallic luster pignnent consisting of natural mica surfacially cov- 
ered with titanium oxide of 435 - 58 wt% and then with a non-thermochromic colored dye or pigment of 
0.5 - 1 0 wt% with a combined optical thickness of 245 - 41 5 nm, and having a partM:le size of 5 - 60 ^m. 
10 a metallic luster red pigment consisting of natural micia surfacially covered with titanium oxide of 45 - 47 
wt.% with an optical thickness of 245 - 275 nm, a metallic luster purple pigment consisting of natural mica 
surfacially covered with titanium oxide of 48 - 50 wt.% with an optical thickness of 280 -.310 nm, a metallic 
luster blue pigment consisting of natural mica surfacially covered with titanium oxide of 51 - 54 wt% with 
ah optical thickness 315- 350 nm, or a metallic luster green pigment consisting of natural mica surfadaily 
IS covered with titanium oxide of 55 • 58 wt% with an optical thickness of 375 - 415 nm. 

The metallic luster pigment, to be employed in the present invention, is a gold, silver or other metallic luster 
pigment, as will be explained In the folloiwng. 

The gold luster pigment can be example be a gold luster pigment consisting of natural mica partides of 
which surface is covered with titanium oxide, a gold luster pigment consisting of natural mica partides of which 
20 surface is covered with titanium oxide and then with iron oxide, or a dichroic gold luster pigment in which said 
titanium oxide coating is covered with a non-thermochromic colored dye or pigment 

More specifically, the gold luster pigment can be a gdd luster pigment consisting of natural mica partides 
of which surface is covered with titanium oxide of 41 - 44 wt% with an optical thickness of 1 80 - 240 nm, and 
having a partide size of 5 - 60 a metallic luster pigment consisting of natural mica partides of which surface 
25 is covered with titanium oxide of 30 - 48 wt% and then with iron oxide of 4 - 10 wt% with a combined optk:al 
thickness of 140 - 240 nm, and having a partide size of 5 - 60 ^m, or a dichroic gold luster pigment consisting 
of natural mica partides of which surface is covered with titanium oxide of 30 - 48 wt% and then with a non- 
thermochromic colored dye or pigment of 0.5-10 wt% with a combined optical thickness of 140 - 240 nm. 
and having a partide size of 5 • 60 ^m. The gold luster pigment can exhibit gdd color within the numerical ranges 
30 mentioned above, by selectively transmitting the light of wavelength of purple color and reflecting the light of 
wavelength of complementary yellow color. Outskje saki ranges, the pigntent either loses the selective absorb- 
ing character or can no longer exhibit gold color even if the selective absorbing character remains. 

Also the gold luster pigment consisting of natural mk:a partides surfacially covered with titanium oxide and 
further covered with iron oxide has, in additk)n to the above-mentioned selective spectral reflection and trans- 
3S mission, the property of iron oxide itself of absorbing the purple light and reflecting the yellow light, thereby 
exhibiting a reversible change from more vivid gold color to pale yellow color. Since the coating layer is cdored 
pale yellow because of the color of iron oxide itself, it appears pale yellow even if the background is white. If 
the coating amount of titanium oxide is less tiian 30 wt%, suff ident gold color can only be obtained by increas- 
ing the coating amount of iron oxide in excess of 10 wt%, but, in such case the metallic luster layer always 
40 exhibits gold color, so that a dear color change is not exhibited by the cdor change of the thermochromic ma- 
terial. Also if the coating amount of titanium oxide exceeds 48 wt%, the selectively refleded light is no longer 
yeilow, so that dear gold color cannot be obtained even if a coating with iron oxide is provided thereon. Also 
tile above-mentioned effect of iron oxide cannot be obtained when the coating amount thereof Is less tiian 4 
wt.%. On the otiier hand, in case the coating amount of iron oxide exceeds 10 wt.%, there is obtained gold 
45 cdor, but the metallic luster layer always appears gold color and a dear color change cannot be obtained by 
the cdor change of the tiiermochromic nnaterial. 

In case iron oxide is used in combination, it is most effective, for obtaining gdd luster color, to form an iron 
oxide film on a titanium oxide coating. If the titanium oxide layer is fomred on the iron oxide layer, the effect of 
iron oxide will be reduced because of the strong reflective effect of titanium oxide. Also if titanium oxide and 
50 iron oxide are present in mixed state, the reflection efficiency of iron oxide becomes lower than in the structure 
with upper iron oxide layer, because the reflected light from iron oxide will be partially intercepted by titanium 
oxide. 

If til iron oxide layer, having the property of absorbing purple light and reflecting other lights which appear 
as yellow, is provided on the titanium oxide layer, it provides an eff ct of deepening the gdd luster color obtained 
55 by the titanium oxid layer, because the reflected light from such upper iron oxide layer is not int rcepted by 
any other layer. 

Also th gold luster pigment consisting of natural mica partides surfacially coated with titanium oxide and 
J further witii a non-tiiermochromic colored dye or pigment can exhibit more variable color changes, depending 



5 



EP 0 523 888 A1 




on the color of such non-thermochromic dye or pigment For example, in combination with a black-white ther- 
mochromic layer, there can be exhibited a reversible change between gold color and a colored state, such as 
between gold color and pink color, or between gold color and blue color, if the coating amount of titanium oxide 
is less than 30 wt%, it is difficult to obtain sufficient gold color, and gold color cannot be obtained If the non- 

5 thermochromic colored dye or pigment is coated. Also if said coating amount exceeds 48 wt%, gold color can- 
not be obtained since the selectively reflected light is no longer yellow. If the coating amount of the non-ther- 
mochromic colored dye or pigmentis less than 0.5 wt%, the colored state cannot be obtained with a sufficient 
density. Also if said coating amount exceeds 10 wt%, the gold color cannot be exhibited because the density 
of the colored state is too high. Therefore* within the aforementioned ranges, the pigment can have the propery 

10 of selectively transmitting the light of wavelength of gold color and reflecting the light of wavelength of conv 
plementary color. Outside said ranges, It either loses the spectral selectivity, or does not exhibit gold color even 
if the spectral selectivity is retained. 

Also a thermochromic layer containing a coloring material consisting of a non-thermochromic dye or pig- 
ment exhibits a reversible change firom gold luster color to the color of said coloring material. Since the gold 

IS luster pigment layer is translucent, the color of a non-thermochromic coloring layer placed thereunder can be 
exhibited simultaneously with the thermal color variation of the thermochromic layer. Also the characters or pat- 
terns in the underlying non-tiiermochromic coloring layer can be concealed in the colored state of the thermo- 
chromic layer, but the concealing effect can be enhanced by the light reflecting effect of the gold luster pigment 
layer, in comparison with the concealing effect solely by thermal color change. 

20 in the present invention, the optical thickness of the coating layer means the refractive index times tiie geo- 
metrical thickness, and is related with the reflection of a certain wavelength. More specifically, a certain optical 
tiiickness causes tiie reflection of a certain light and a titanium oxkle coating layer formed, on the surlace of 
natural mica, witti a thickness of 180 - 240 nm reflects the light of gold color in the spectral region of 550 • 600 
nm. 

25 The silver luster pigment consists of natural mica particles surfaclally coated with titanium oxide of 16 - 
39 wt%, with an optical thickness of sakJ coating layer of 110 - 170 nm, and witii a partide size of 5 - 100 ^m. 
The above-mentioned numerical ranges prevent tiie spectral selectivity In the reflected light Outskle said rang- 
es, the reflected llght;Sliows spectral selectivity, thus being colored and not appearing as silver. The titanium 
oxide layer of the above-mentioned optical characteristics reflects the light of sliver color in ttie spectral range 

30 of380*:700nm. 

The tiiermochromic layer containing a coloring material consisting of a non-ttiermochromic dye or pigment 
can exhibit a reversible change from ttie silver luster color to tiie colored state of ttie coloring material. Since 
ttie silver luster pigment layer is translucent ttie color of a non-thermochromic coloring layer placed tiiereunder 
can be exhibited simultaneously with the thermal color variation of ttie thermochromic layer. Also the characters 

35 or patterns in tiie underlying non-thermochromic coloring layer can be concealed in ttie colored state of ttie 
ttiermochromic layer, but ttie concealing effect can be enhanced by ttie light reflecting effect of ttie silver luster 
pigment layer, in comparison with the concealing effect solely by thermal color change. 

The metallic luster pigment to be employed in ttie present invention consists of natural mica particles sur- 
f^ciaily coated with titankjm oxkie and has a metallic luster color. An Iron oxide coating may also be provided 

40 on the titanium oxide layer. Also there may be employed a dichromatic metallic luster pigment in which ttie ti- 
tanium oxide coating is covered with a non-thermochromic colored dye or pigment 

More specifically, said metallic luster pigment consists of natural mica particles which are surfactally coated 
with titanium oxide of 45 - 58 wt%, witii an optical tiiickness of ttie coating layer of 245 - 415 nm, and have as 
particle size of 5 - 60. \tjm, or natural mica particles which are surfacially coated with titanium oxide^df 45-58 

45 wt% and forttier witti iron oxkle of 4 - 10 wt.%, with an optical ttiickness of ttie coating layers of 245 - 415 nm, 
and have a partide size of 5 - 60 ^m. There can also be employed a dichroic metallic luster pigment consisting 
of natural mica partides surfactally coated witti titanium oxide of 45 - 58 wt% and further witti a non-ttiermo- 
chromic colored dye or pigment of 0.5-10 wt%, witti an optical ttiickness of ttie coating layers of 245 - 415 
nm and witii a partide size of 5 - 60 iim. 

50 The mica coated with titanium oxide has the function of reflecting the light of a particular wavelength, among 
ttie visible spectral range from red to purple, and reflecting other lights, depending on the coating weight and 
optical ttiickness of titanium oxide. On the other hand, ttie reflected light bears metallic luster, because mica 
does not caus random scattering but reflects light in parallel state. The light transmitted by ttie first layer is 
absorbed by ttie second thermochromic layer. A particular metallic color can be exhibited because ttie light of 

55 a specified wavelength with metallic luster is thus reflected. 

Also the metallic luster pigment consisting of natural mica partides surfaclally coated with titanium oxide 
and further with Iron oxide exhibits reversible change from a metallic luster color to pale yellow color, because 
ttie property of iron oxide for absorbing violet light and reflecting yellow light is added to the abovermentioned 

6 
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selective spectral reflection and transmission. 

If the coating anusunt of titanium oxide exceeds 58 wt%, the metallic luster color cannot be obtained be- 
cause of the deteriorated spectral selectivity. Also a coating amount of iron oxide less than 4 wt% does not 
provide sufficient effect of iron oxide mentioned above, and a coating amount exceeding 10 wt.% provides a 
5 metallic luster color but does not provide a clear color change from the metallic luster color because the color 
of iron oxide is excessively strong. 

In case iron oxide is used in combination, it is most effective to form the Iron oxide film on the titanium 
oxide f ilni, in order to obtain the change from the nietallic luster color to pale yellow color. If titanium oxide is 
coated on iron oxide, the effect thereof will be reduced because of the high reflecting efficiency of titanium 
10 oxide. 

Also in case iron oxide and titanium oxide are present in mixed manner, the reflection efficiency of iron 
oxide becomes lower, in comparison with the structure containing the iron oxide in the upper layer, because 
the reflected light from iron oxide is partially intercepted. 

If the iron oxide layer, having the property of absorbing violet light and reflected other lights which appear 

IS as yellow, is provided on the titanium oxide layer, it provides a color change from the metallic luster color, ob- 
tained by the titanium oxide layer, to pale yellow color, because the reflected light from such upper iron oxide 
layer not intercepted nor absorbed by any other layer. 

Also the metallic luster pigment consisting of natural mica particles surfacially coated with titanium oxide 
and further with a non-thermochromic colored dye or pigment can exhibit more diversified color changes, de- 

20 pending on the color of such non-thermochromic dye or pigment For example, in combination with a black- 
white thermochromic layer, there can be exhibited a reversible change between a metallic luster color and a 
colored state, for example between a metallic luster color and pink color or between a metallic luster color and 
blue color. If the coating amount of titanium oxide Is less than 4j5 wt%. metallic luster color is difficult to obtain 
in sufficient manner, and cannot be obtained if the non-thermochromic colored dye or pigment is coated. Also 

25 if said coating amount exceeds 58 wt%, sufficient metallic luster color cannot be obtained because of the de- 
teriorated spectral selectivity. 

If the coating amount of the non-thermochiromic colored dye or pigment is less than 0.5 wt.%. the colored 
state cannot be obtained with a sufficient density, and if said coating amount exceeds 10 wt%, the contrast 
between the metallic luster color and the colored state becomes smaller because the density of said colored 

30 state is excessively highl 

Therefore, within the above-mentioned ranges, the pigment can have the property of selectively transmit- 
ting the light of wavelength of metalllcluster and reflecting the light of wavelength of complementary color. Out- 
side saM ranges. It either loses the spectral selectivity, or does not exhibit the metallic luster color even if the 
spectral selectivity Is retained. 

35 Also a thermochromic layer containing a coloring material consisting of a non-thermochromic dye or pig- 
ment exhibits a reversible change from the metallic luster color to the color of said coloring material. Since the 
metallic luster pigment layer is translucent, the color of a non-thermochromic coloring layer placed thereunder 
can be exhibited simultaneously with the thermal color variation of the thermochromic layer. Also the characters , 
or patterns in the underlying rion-thermochromic coloring layer can be concealed in the colored state of the 

40 . thermochromic layer, and the concealing effect can be enhanced by the light reflecting effect of the metallic 
luster pigment layer, In comparison with the concealing effect solely by thermal color change. 

The thermochromic layer is based on a thermochromic material containing an electron donating color-form- 
ing compound, an electron accepting compound, and an organic medium capable of causing a reversible color- 
forming reactk}n of said compounds. Examples of such thermochromic material include those disclosed in the 

4$ aforementioned Japanese Patent Publication No. 51-35414, such as: 

(1) a reversible thermochromic material essentially composed of (a) an electron donating color-forming or- 
ganic compound, (b) a compound havirig a phenolic hydroxyl radical, and (c) an aliphatic straight-chain 
monohydroxylic alcohol without polar substituent; 

(2) a reversible thermochromic material essentially composed of (a) an electron donating color-forming or- 
50 ganic compound, (b) a compound having a phenolic hydroxyl radical, and (c) a compound selected from 

esters obtained from aliphatic monohydroxylic alcohols without polar substituent and aliphatic monocar- 
boxylic acids without polar substituent; 

(3) a r versible thermochromic material essentially composed of (a) an electron donating color-forming or- 
ganic compound, (b) a compound having a phenolic hydroxyl radical, and (c) a compound selected from 

55 a group consisting of a higher aliphatic monohydroxylic alcohol without polar substituent and an esterwith- 
out polar substituent obtained from an aliphatic monocarfooxylic acid without polar substituent and an ali- 
phatic straight-chain monohydroxylic alcohol without polar substituent and contained in microcapsules; 
and 
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(4) a thermochromic material essentially composed of (a) an electron donating color-forming organic com- 
pound, (b) a compound having a phenolic hydroxyl radical, and (c) a compound selected from a group con- 
sisting of a higher aliphatic monohydroxylic alcohol without polar substituent, and an ester without polar 
substituent obtained from a higher aliphatic monocarboxytic acid without polar substituent and an aliphatic 
5 straight-chain monohydroxylic alcohoi without polar substituent, and dissolved or dispersed in a vehicle. 
The thermochromic material is most preferably contained in microcapsules, because it is maintained in a 
same composition and can exhibit constant effect under different conditions of use. 

Also there can be employed a thermochromic materia! containing a color-memorizing thermochromic com- 
pound with a large hysteresis as disclosed in the U.S. Patent No. 4,720.301. In such compound, the curve In- 
to dicating the change of color density as a function of temperature is significantly different in case of temperature 
elevation from a lower temperature to the color- varying temperature region and in case of temperature lowering 
from a higher temperature to said color-varying temperature region, and, the state varied below the color-vary- 
ing point of the lower temperature side or above the color-varying point of the higher temperature side can be 
retained at the normal temperature range. 
15. ' The thermochromic laminate member of the present invention is composed of the aforementioned gold, 
silver or other metallic luster pigment and the thermochromic material, combined in layers of transparent film 
forming material. 

Examples of said film forming material include ionomer resin, isobutyrene-maleic anhydride copolymer res- 
in, acrylonitrfle-acryitc styrene copolynr\er resin, acrylonitriie-styrene copolymer resin, acrylonitrile-butadiene- 

20 stryrene copolymer resin, acrylonitrile-butadiene-styrene copolyrner resin, acrylonitrile-polyethylene chloride- 
styrene copolymer resin, ethylene-vlnyl chloride copolymer resin, ethylene-vinyt acetate copolymer resin, ethy- 
lene-vinyl chloride graft polymer resin, vinylidene chloride resin, vinyl chloride resin, chlorinated vinyl chloride 
resin, vinyl chloridevinylidene chloride copolymer resin, chlorinated polyethylene resin, chlorinated polypropy- 
lene resin, polyamide resin, high-density polyethylene resin, medium or low density polyethylene resin, low- 

25 density linear polyethylene resin, polyethylene terephthalate resin, polybutyrene terephthalate resin, polycar- 
bonate resin, polypropylene resin, high-impact polystyrene resin, polypropylene resin, pdymethylstyrene resin, 
polyacryfic ester resin, pdymethyimethacrylate resin, epoxyacrylate resin, alkylphenol resin, rosin-denatured 
phenolic resin, rosin-denatured alkyd resin, phenolic resin-denatured alkyd resin, epoxy resin-denatured aikyd 
^resin, styrene-denatured alkyd resin, acrylate-denatured alkyd resin, aminoalkyd resin, vinyl chloride-vinyl 

30 acetate resin, styrene-butadlene resin, epoxy resin, unsaturated polyester resin, pdytirethane resin, vinyl acet- 
ate emulsion resin, styrene-butadiene emulsion resin, acrylic ester emulsion resin, watersoluble alkyd resin, 
water-soluble melamine resin, water-soluble urea resin, water-soluble phenolic resin, water-soluble epoxy res- 
in, water-soluble pdybutadlene resin, and cellulose derivatives such as cellulose acetate, cellulose nitrate and 
ethyl cellulose. 

35 In the present invention, the above-mentioned resins are cdlecttvely called synthetic resins, and the fim 
.forming materail is suitably selected from said resins according to the purpose. 

' Each of the layers of the thermochromic laminate member of the present inventk>n may be formed by ap- 
plying a coating composition. 

Said coating compositton is composed of the above-mentioned film forming material, such as alkylphenol 

40 resin, rosin-denatured phendic resin, resin-denatured alkyd resin, phenolic resin-denatured alkyd resin, epoxy 
resin-denatured alkyd resin, styrene-denatured aikyd resin, acrylae-denatured alkyd resin, aminoalkyd resin, 
vinyl chloride-vinyl acetate resin, styrene-butadiene resin, epoxy resin, aaylic ester resin, unsaturated poly- 
ester resin, polyurethane resin, vinyl acetate emulsion resin, styrene-butadiene emulsk)n resin, acrylic ester 
emulsion resin, water-soluble aikyd resin, watersoluble melamine resin, water-sduble urea resin, water-soluble 

45 phendic resin, water-soluble epoxy resin, water-sduble pdybutediene resin or cellulose derivative, dissdved 

or dispersed in a vehide such as water or organic solvent 
y/^ Also each of the layers of the thermochromic laminate member of the present invention may be composed 
of a molded sheet, containing the pigment or the thermochromic material in synthetic resin. 

In such sheet there is employed the abovementioned film forming material such as ionomer resin, isobu- 

50 tyrene-maleic anhydride copolymer resin, acrylonitrile-acrylic styrene copolymer resin, acrylonitriie-styrene co- 
polymer resin, acrylonitrilebutadiene-styrene copolymer resin, acrylonitrile-chlorinated pdyethylene-styrene 
copolymer resin, ethylene-vinyi chloride copolymer resin, ethylene-vinylldene acetate copolymer resin, ethy- 
lene-vlnyl acetete-vinyl chloride graft copolym r resin, vinylidene chloride resin, viiiyl chloride resin, chlorinated 
vinyl chloride resin, vinyl chloridevlnyiiden chloride copolymer resin, chlorinated polyethylene resin, chlorin- 

55 ated polypropylene resin, polyamide resin, high-density polyethylene resin, middle- or low-density polyethylene 
resin, linear low-density polyettiylene resin, polyethylene terephthalate resin, polybutyrene terephthalate resin, 
polycarbonate resin, polystyrene resin, high-impact polyetyrene resin, polypropylene resin, pdymethylstyrene 
resin, polyacrylic ester resin, pdymethyimethacrylate resin, epoxy resin epoxyacrylate resin, alkyd resin or 
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polyurethane resin. 

The laminate member may be prepared by the combination of sheets and coated films. 
The metallic luster pigment layer preferably employs transparent resin. 

The laminate member may be formed on the surface of a substrate, or formed as an independent article 
5 without substrate. 

The substrate can not only be a film or a sheet of various kinds, but also be the surface of a molded article. 
Thus the thermochromic laminate member can be formed on the surface of a molded article to obtain a ther- 
mochromic molded article. Examples of such substrate include paper, synthetic paper, doth, non-woven doth, 
leather, synthetic leather, plastics, glass, ceramics, metal, wood and stone. Also the substrate need not nec- 

10 essarily be flat but can have ban ondular or fiber-shaped surface. 

The laminate member can be formed by a knwon method of printing, such as screen printing, offset printing, 
gravure printing, tampon printing or transfer printing, or coating such as brush coating, spray coating, electro- 
static coating, electrodeposition coating, flow coating, roller coating or immersion coating. It can also be ob- 
tained by adhering a film sheet formed by extrusion molding, or by multi-layer molding of the thermochromic 

IS layer and the metallic luster pigment layer. ^ 

Furthermore, if necessary, each of the metallic luster pigment layer and the thermochromic layer may be 
added with an additive or additives, such as ultraviolet absorbing agent, infrared absorbing agent, antioxkiant, 
singlet oxygen quencher, antlaging agent antistatic agent, polarity enhandng agent, thbcotropy providing agent, 
defoamer, stabOizer, plasticizer, flame r^ta^dant, lubricant and foaming agent 

20 The thermochromic laminate member of the present invention, induding a metallic luster pigment layer of 
gold, silver or other metallic color laminated on a thermochromic layer, allows the user to observe the color 
change in said thermochromic layer through said metallic luster pigment layer, there can be demonstrated va- 
rious color changes invoh/ing metallic luster, through the multiplying effect of the coloring and transmission, 
resulting firom the selective Interference of the visible wavelength region depending on the coating weight and 

25 optical thickness of titanium oxide on the natural mk:a partides, and of the reflection and absorptkin of the ther- 
. mochromic layer on the lumlnocity of the visible light More specifically, the mica varies the wavelength of the 
reflected light depending on the coating amount or the thickness, of the titanium oxide coating. For example, 
mica, coated with titanium oxide with an optk:al thickness of 1 80 • 240 nm so as to selectively reflect the yellow 
light and transmit the videt light appears as gold color in case the underlying layer Is black, since the trans- 

30 mitted violet light Is absorbed by the underlying black layer and the yellow light of 550 - 600 nm alone is re- 
flected. On the other hand, if the underlying layer is white, the transmitted violet light is also reflected by said 
underlying layer, Thus it appears as white, as all the visible spectral region is reflected. Therefore, by a rever- 
' ''sibie change between black and white in the underlying thermochromic layer, the observer can observe a re- 
versible color change between gdd and white. 

3S . If the optical thickness Is outside the above-mentksned range, the gold cdor is not exhibited since the re- 
flected light is not within the wavelength range of 550 - 600 nm. 

In the system in whk:h the metallic luster pigment layer of silver color is laminated on the thermochromic 
layer, the user observes the cdor change of the thermochromic layer through the metallic luster pigment layer 
of silver color. As explained above, white color is observed when alt the visible light Is reflected. If a part of the 

40 entering light is reflected over the entire spectral range and the remainder is reflected, the reflected tight be^ 
comes darker and appears as gray. 

Since mica has a laminar structure, the reflection does not take place randomly but in a same direction. 
Such reflected light is felt as metallic luster. The gray color bearing metallic luster appears as sih^er. In this man- 
ner silver cdor with metallic luster is exhibited. ^ 

45 It is essential that the optical thickness of titanium oxide is within a range of 110 - 170 nm. 

Outside said range, the reflected light has spectral selectivity, thus being cdored and no longer appearing 
as silver cdor. 

The system induding the metallic luster pigment layer laminated on the thermochromic layer allows the 
• user to observe the color change of said thermochromic layer through the metallic luster pigment layer. As ex- 

50 plained above, the mica coated with titanium oxkie has a function of reflecting the light of a particular wave- 
length among the visible region from red to violet and transmitting the lights of other wavelengths, depending 
on the coating weight and optical thickness of titanium oxide. Also the reflected light bears metallic luster since 
the mica does not reflect the light randomly but in parallel state. The light transmitted by the first layer is ab- 
sorbed in the second thermochromic layer. In this manner the light with metallic luster of a particular wavelength 

55 is reflected to d monstrate a particular metallic luster color. More specifically, the mica varied the wavelength 
of the reflected light depending on the coating amount or the optical thickness, of the titanium oxkie coating. 
For example, mk:a. coated with titanium oxide of an optical thickness so as to selectively reflect the light of a 
specified cdor and transmit the lights of other colors, appears as said specified color with metallic luster, since 
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the transmitted lights are absorbed by a black underlying layer and the light of said specified color along is 
reflected. On the other hand, if the underlying layer is white, it appears as white since the transmitted light is 
also reflected by said white underlying layer, so that the entire visible spectral range is reflected. Therefore, 
by a reversible change between black and white in the underlying thermochromic layer, there can be observed 

5 a reversible change between the specified metallic luster color and white. 

It is essentiai that the optical thickness of titanium oxide is within a range of 245 - 415 nm. 
If the optical thickness of titanium oxide, coated on natural mica, is within the above-mentioned range, the 
reflected light is separated in the region of red to violet depending on said optical thickness, and in parallel 
state, thus appearing as a metallic luster color. 

10 For example, a pigment with a coating amount of titanium oxide of 45 - 47 wt% and with an optical thickness 
of 245 - 275 nm transmits the green light of 500 - 550 nm and ref jects the red light of 650 - 700 nm. When the 
light transmitted by said pigment layer is absorbed by the underlying thermochromic layer, the observer can 
only observe the red color with metallic luster. 

When the light transmitted by the metallic luster pignnent layer is reflected by the thermochromic layer, the 

IS observer perceives white color as the entire visible spectral region is reflected. Thus, the metallic lusteir color 
appears and disappears reversibly, by a change in luminocity caused by the color change in the thermochromic 
layer. Since the mica particles are arranged in parallel layers, the reflection does not take place randomly but 
in parallel state, and such parallel reflected light bears metallic luster. Consequently the reflected light from, 
said pigment appears as red color with' metallic luster. 

20 . ^ Similarly a pigment with a coating amount of titanium oxide of 55 - 58 wt% and with an optical thickness 
375 - 41 5 nm transmits the red light of 630 - 700 nm and reflects the green light of 500 - 540 nm, thus appearing 
as green color with metallic luster. i 

Also a pigment with a coating amount of titanium oxide of 51 - 54 wt% and with an optical thickness of 
315 - 350 nm transmits the orange light of 580 - 630 nm and ref lects the blue light of 430 - 500 nm. thus ap- 

25 pearing as blue color with metallic luster. 

Also a pigment with a coating amount of titanium oxide of 48 - 50 wt% and with an optical thickness of 
280 - 310 nm transmits the yellow light of 530 - 580 nm and reflects the violet light of 380 - 430 nm, thus ap- 
pearing as vtolet color with metallic luster, i: 

As explained in the foregoing, the present invention eniables reflection of the lightof a specif led wavelength. 

30 ' by a specified coating amount and a specified optical thidcness of titanium oxkle, and provkJes gold, silver or 
other metallic luster colore by the Interference effect of mica and the colored-colorless change of the thermo- 
chromic material. 

In the following there will be explained embodiments of the thermochromic laminate member of the present 
invention. 

3S The present invention provides (A) a thermochromic laminate member in which a metallic luster pigment 
layer is laminated on a thermochromic layer, (B) a thermochromic laminate member in which a metallic luster 
pigment layer is laminated on a thermochromic layer containing a thermochromic material and a non-thermo- 
chromic dye or pigment and (C) a metallic luster pigment is laminated on a thermochromic layer which is in 
turn laminated on a non-thermochromic colored layer. 

40 Said thernrHKhromic laminate member may be formed on a substrate, or may have a transparent protective 
film on said metallic luster pignrwnt layer, or may have a clear coating or a transparent laminate layer between 
the thermochromic layer and the metallic luster pigment layer. 

in the following, the above-mentioned embodiments (A) - (C) wilt be explained further. 

~ In said embodiment (A), the metallic luster pigment layer isxomposed of a metallic luster pigment with a 

45 partide size of 5 - 1 00 ^m dispersed in transparent resin, while the thermochromic layer is composed of a ther- 
nfiochromic material, consisting of a uniform solution of an electron donating color-forming organic compound, 
an electron accepting compound, and an organic medkjm capable of causing a reversible odor-forming reac- 
tion of said compounds, and dispersed in a transparent film forming material, and has a luminodty of color den- 
sity of 6 or lower in the cdor-developed state and a luminocity of 8 or higher in the cdor-extinguished state. 

50 Thus there is constituted a metallic luster thermochromic laminate member capable of revereible change be- 
tween a metallic luster color and a colorless state. 

If the luminocity of color density is 6 or lower in the cdor-developed state, the light transmitted by the upper 
metallic luster pigment layer can be satisfactorily abosrfoed, so that, for example in case of a gold luster pigment, 
the gdd luster cdor can be dearly perceived. On the other hand, if said luminodty exceeds 6, the light trans- 

55 mitted by the gold luster pigment cannot be sufficiently absorbed and is partly reflected again, so that the gold 
luster pigment cannot be sufficiently absorbed and is partly reflected again, so that the gold luster cdor cannot 
be perceived dearly. Also if the luminodty in the color-extinguished state is 8 or higher, the light transmitted 
by th gdd luster pigment can be satisfactorily reflected, and white color is perceived by the mixing of the light 
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reflected by the gold luster pigment and the light reflected by the thermochromic miaterial. On the other hand, 
if said luminocity is less than 8, the light transimtted by the gold luster pigment cannot be sufficiently reflected 
but partly absorbed, so that the colorless state cannot be attained and the gold luster color in the color-devel- 
oped state remains. 

5 In said embodiment (B), the metallic luster pigment layer is composed of a metallic luster pigment with a 
particle size of 5 - 100 ^m dispersed in transparent resin, while the thermochromic layer contains the afore- 
mentioned thermochromic material and a non-thermochromic coloring material such as a dye or a pigment^ 
and has a luminocity VI of color density of 6 or lower in the color-developed state and a luminocity V2 of 4 or 
higher in the color-diminished state, and further satisfies a relation V2 - V1 > 1. Thus there is constituted a 

10 metallic luster thermochromic laminate member capable of reversible change between a metallic luster color 
and a colored state. 

The luminocity VI of the color density of the mixture has to be 6 or lower in the color-developed state, for 
the same reason as explained above. 

On the other hand, the Itiminocity V2 of the mixture has to be 4 or higher in the color-diminished state and 

15 a condition V2 - V1 > 1 has to be satisfied, because of the following reason. Because this system is colored 
by the presence of the non-thermochromic dye or pigment, the luminocity becomes smaller and varies accord- 
ing to the color of said dye or pigment. For example, the luminocity is relatively large for yellow or orange color, 
but becomes smaller for red or violet. However, in order to obtain a satisfactory color change, the lurninodty 
in the color-diminished state should be larger, at least larger than by 1 , than that in the color-developed state. 

20 If the difference in luminocity is 1 or less, the color changes is not clear because of excessively small contrast 
Under such condition, a luminocity of 4 or larger can provide a reversible change for example between gold 
color and a colored state. On the other hand, if the juminocity is less than 4. the underlying mixture layer has 
an excessively high color density, thus absorbing the transmitted light, so that the gold luster color can be per- 
ceived even in the color-diminished state. 

25 In the embodiment (C), under the therochromic layer, there is formed a non-thermochromic colored layer, 
having a luminodty V3 of color density of 4 or higher and satisfying a relation V3 • V4 > 1, wherein V4 is the 
luminocity of the thermochromic layer in the color-developed state. Thus there is constituted a metallic luster 
thermochromic laminate member capable of reversible change between a metallic luster color and the color 
of said non-thermochronUc colored layer. « « 

30 The above-mentloheci luminocity in the color developed or color-diminished state of the thermochromic'ma- 
terial is represented by the luminocity value In the Munseil color system, in which complete black and white 
are respectively represented by 0 and 10, and the scale therebetween is so divided as to provide an equal dif- 
ference in the perceived brightness, and the luminocity of any color corresponds to that of colorless luminocity 
which is equal in the perceived brightness of said color. The luminocity value, being smaller or larger as the 

35 ~ color Is doser to black or white, can be utilized as a index Indicating the extent of absorption and reflection of 
the visible light Said index indicates the level of reflection and absorption, by the underlying thernnochromic 
layer, on the light transmitted by the metallic luster pigment layer. 

The thernrK)Chromic layer, having a lurninodty of 6 or less, is capable of suf f idently absorbing the light trans- 
mitted by the metallic luster pigment layer. As a result, the laniinate member appears as gdd color since only 

40 the yellow light reflected by said metallic luster pigment layer, can be perceived. On the other hand, if the lu- 
minocity is 8 or higher, the visible light transmitted by the metallic luster pigment layer is reflected and is per- 
ceived together with the yellow light reflected by the metallic luster pigment layer, so that the metallic luster 
cdor can no longer be perceived. 

Therefore, the~above-mentioned lumlnodty values are indexes for the laminate member to show a metallic 

45 luster cdor below the color-changing temperature of the thermochromic material and to lose such metallic luster 
color above said color-changing temperature. The luminocity in the present invention was determined with a 
color difference meter TC-3600 manufactured by Tokyo Denshoku Co., Ltd., on samples prepared in the fol- 
lowing manner : 

50 1 . Thermochromic layer (induding systems containing ordinary dye or pigment): 

(1) Thermochromic layer (colored-colorless) 

10 parts of thermochromic mateiral, 45 parts of 50 % solution of acrylic ester resin in xylene, 20 parts of 
55 zytene and 20 parts of methylisobutylketone are mixed under agitation, and spray coated with a spray gun on 
a white pdyvlnyl chloride sheet with a luminocity of 9.1 to obtain a thermochromic layer with a dried thickness 
of 40 ^ m. The luminocities of thus obtained thermochromic layer are measured in the color-devleoped state 
and color-extinguished state. 
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(2) Thermochromic layer (colored I * colored II) 

' 10 parts of thermochromic material, a desired amount of an ordinary dye or pigment 45 parts of 50 % 
solution of acrylic ester resin in xylene, 20 parts of xylene and 20 parts of methyl isobutylketone are mixed under 
5 agitation and spray coated with a spary gun on a white polyvinyl chloride sheet with a luminocity of 9.1 to obtain 
a thermochrmoic layer with a dried thickness of 40 \x m. The tuminocities of thus obtained thermochromic layer 
are measured in the color-developed state and color-extinguished state. 

2. Non*thermochromtc Colored Layer (colored by ordinary dye or pigment) 

10 

A desired amount of an ordinary dye or pigment, 45 parts of 50 % solution of acrylic ester resin in xylene, 
20 parts of xylene and 20 parts of methylisobutylketon are mixed under agitation, and spray coated with a spray 
gun on a white polyvinyl chloride sheet with a luminocity of 9.1 thereby obtaining a non-thermochroic colored 
layer with a dried thickness of 10 ^m. The luminocity of thus obtained layer is measured. 
IS Fig. 1 1s a schematic view of an embodiment of the thermochromic laminate member of the present inven- 
tion; 

Figs. 2 and 3 are schematic views showing other embodiments; and 

Figs. 4 to 9 Illustrate applications of the thermochromic laminate member of the present invention, wherein 
Fig. 4 Illustrates an example applied to a miniature car toy, Fig. 6 illustrates an example applied to an ac- 
20 cessory, Fig. 8 illustrates an example to an artificial na9 and Figs. 5, 7 and 9 respectively show the color- 
varied state of said applications. 

In the following there will be explained examples of the first embodiment of the present invention, capable 
of showing color change from gold color. In the folloiwng examples, the amounts are represented by part by 
weight 

25 

Example 1 

Fig. 1 illustrates the example 1 of the present Invention, consisting of a two-layered thermochromic laminate 
member 1. Afirst layer 3 of a thickness of about 40 ^ m, is composed of a goM luster pigment consisting of 

30 natural mica partldes surfacially coated with titanium oxide of 43 wt.% with an optical thk:kness of 210 nm, 
'and having a particle size of 10 - 60 ^ m, and acrylic ester resin, and said layer serves to regulate the wave- 
length of the reflected light 
^ "There are also shown an Incident light 4 and a reflected light 5. The non-refiected portion 6 of the incident 
light 4 is absorbed by a thermochromic layer 2. 

35 ■■'■^ •■ The second thermochromk: layer 2 of a thickness of about 40 ^ m was composed of a thermochromic ma- 
terial and acrylic ester resin. Said therochromic material consisted of microcapsules of an average particle size 
of 8 fi m, formed by interfacial polymerization employing epoxy resin and an amine hardening agent, and en- 
dosing sdutran of 3 parts of 2-annino-3-methyl-S-dibutylam{nof luorane, 6 parts of bisphenol-A and 50 parts 
of neopentyl stearate, and had lumlnocities of 2.2 and 9.0 respectively in the color-developed state and In the 

40 coior-extinguished state, which were reversibly assumed by temperature change. 

At IS'^C or lower, the thermochromic layer developed color to reflect the light 5 in a spectral regton of 550 
- 600 nm and to absoris the light 6 of other wavelengths, whereby the member appeared as gold luster color. 
At 30''C, the thermochromic layer lost color and reflects the transmitted light Since all the inddent light was 
reflected in this manner, the gold luster color vanished and the element appeared odorless. 

45 

Example 2 

The example 1 was reproduc . . except the use of a thermochromic material which was similarly prepared 
with 1 part of 2-anilino-3-methyi ;»butylaminofluorane and 2 parts of 1,3-dimethyl-6-diethylaminofluorane 
50 instead of 2-anilino-3-methyl-6-r^ ztylaminofluorane In the example 1 and which showed luminocitles of 2.7 
and 8.8 respectively in the color-cs . eloped state and in the color-extinguished state. The member showed gold 
luster color at IS'^C or lower, and became colorless at SO^'C or higher. 

Example 3 

55 

The example 1 was reproduc d except the use of a thermochromic material which was similarly prepared 
with 1.5 parte of 6-diethylamino-benzo(a)-fluorane instead of 2-anilino-3-methyi-6-dibutylaminofluorane in the 
example 1 and which showed luminddties of 4.0 and 8.9 respectively in the color-developed stete and in the 
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color-extinguished state. Similarly the member showed gold luster color at 1 5*^0 or lower, and became colorless 
at SO^'C or higher. 

Example 4 

The example 1 was reproduced except the use of a thermochromic material which was similarly prepared 
with 1.5 parts of 3-(4-diethylamino-2-ethoxyphenyl)-3-(1-ethyl-2-methytindol-3-yl)-4-azaphthalide instead of 2- 
aniiino-3-methyl-6-dibutyl-aminofluorane in the example 1 and which showed lumlnocities of 3.2 and 8.7 re- 
spectively in the color-developed state and in the color-extinguished state. Similarly the member showed gold 
10 luster color at IS^'C or lower, and became colorless at SO'^C or higher. 

Example 5 

The example 1 was reproduced except that the gold luster pigment in the example 1 was replaced by a 
IS gold luster pigment which consisted of natural mica surfacially coated with titanium oxide of 42 wt % and further 
with Prussian blue of 2.5 wt.%,' with an optical thickness of 21 0 nm, and had a partide size of 1 0 - 50 \sit\. The 
member showed gold luster color at 15X or lower, and became blue at 30^*0 or higher. 

Example 6 , 

20 

Fig. 2 shows another embodiment of the present invention, yvherein a first layer 3 of a thickness of about 
40 ^m was composed of a gold luster pigment and acrylic ester resin, said pigment consisting of natural mica 
surfacially coated with titanium oxide of 36 wt% and further with ion oxide of 8 wt%, with an optical thickness 
of 200 nm. and having a partide size of 10 - 60 \im. A second layer 7 of a thickness of about 40 was com- 
25 posed of the thermochromic material employed in the example 1 , a non-thermochromic fluorescent yellow pig- 
ment and acrylic ester resin, and was capable of reversible change between a thermally color-developed state 
and a color-extinguished state with the color of said fluorescent yellow pigment, with lumlnocities of 2.5 and 
8.9 respectively In the color-developed state and in the cdor-extlnguished state. 

At 1 S^'C or lower, the thermochromic layer developed color to reflect the lig ht 5 of a spectral region of 550 
30 . - 600 nni in the Inddent light and to absorb the light 8 of other wavelengths whereby the member exhibited 
gdd luster color. At 30^C or higher, the thermochromic layer extinguished color, whereby the gold luster color 
.x-disappeared and the color of the fluorescent yellow pigment was exhibited. A numeral 9 indicates the yellow 
tight reflected by the thermochromic layer 7. ' 

35 Example 7 

The metallic luster pigment layer 3 was same as that in the example 1. The thermochromic layer 7 of a 
thickness of about 40 ^m was composed of the thermochromic material employed in the example 2, a fluor- 
escent pink pigment and acrylic ester resin, and capable of reversible change between a thermally color-de- 
40 veloped state and a color-extinguished state with the color of the fluorescent pink pigment with luminodties 
of 2.3 and 5.5 respectively in the color-developed state and in the coior-extinguished state. 

At 15*^0 or lower there was exhibited gold luster color, which was replaced by the color of the fluorescent 
pink pigment at 30°C or higher. A numeral 9 indicates the pink light reflected by the thermochromic layer 7. 

45 Example 8 

The metallic luster pigment layer 3 was same as that In the example 1. The thermochromic layer 7 of a 
thickness of about 40> m was composed of the thermochromic material employed in the example 1, a fluor- 
escent pink pigment a blue pigment and acrylic ester resin, and capable of reversible change between a ther- 
50 mally colorrdeveloped state and a color-extinguished state with lavender color realized by the mixing of fluor- 
escent pink and blue colors, with luminocities of 2.4 and 5.5 respectively in the color-developed state and in 
the color-extinguished state. Similarly, at 1 5^0 lower, there was exhibited gold luster color, which was replaced, 
at 30^C or higher, by lavender color obtained by mixing of the fluorescent pink and blue pigments. A numeral 
9 indicates the lavender-colored light reflected by the thermochromic layer 7. 

55 

ExampI 9 

The metallic luster pigment layer 3 was same as that in the example 1. The thermochromic layer 7 of a 
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thickness of about 40 |i m was composed of the thermochromic material employed in the example 1, a blue 
pigment, a white pigment and acrylic ester resin, and capable of reversible change between a thermally color- 
developed state and a color-extinguished state with pastel blue color which was the mixed color of the blue 
and white pigments, with luminodties of 2.2 and 5.4 respectively in the color-developed state and in the color- 
5 extinguished state. Similarly, at IS'^C or lower, there was exhibited gold luster color, which was replaced, at 
30^C or higher, by pastel blue color which was the mixed color of the blue and white pigments. A numeral 9 
indicates the pastel blue-colored light reflected by the thermochromic layer 7. 

Example 10 

10 

Fig. 3 shows another embodiment of the present invention, consisting of a three-layered thermochromic 
laminate member, comprising layers 2, 3 same as in the example 1 and a third colored layer 8, containing a 
non-thermochromic coloring material and positioned adjacent to the thermochromic layer 2. In this example, 
^ the colored layer 8 was fluorescent orange color and had a thickness of about 10 (i m, composed of a fluor- 
15 escent orange pigment and acrylic ester resin, with a luminocity of 6.3. At 15^0 or lower, the thermochromic 
layer developed color, whereby the light 5 of a spectral region of 550 - 600 nm in the incident light was reflected 
while the light 6 of other wavelengths was absorbed, thus exhibiting gold luster color. At 30^C or higher, the 
color of the thermochromic layer was extinguished, whereby the gold luster color was replaced by the color of 
the underlying fluorescent orange color. A numeral 10 indicates the orange light reflected by the layer 8. 

20 

Example 11 

The example 10 was reproduced except that the fluorescent orange pigment in the colored layer 8 was 
replaced by a fluorescent red pigment with a luminocity of 4.7, and that the thermochromic layer was replaced 

25 by a layer of a thickness of atx)ut 40 |im composed of acrylic ester resin and a thermochromic material in the 
form of microcapsules of an average partide size of 8 ^m, which were obtained by interfacial polymerization 
microencapsulation with epoxy resin arid an amine hardening agent, endosing a thermochromic oompositlon 
consisting of 3 parts of 2-an9ino-3»methyl»6-dibutylaminafluorane, 6 parts of bisphenol-Aand 25 parts of cetyt 
caprata and wtiich showed luminodties of 2.2 and 9.0 respectively In the color-developed state and in the cdor- 

30 extinguistied state. At 20**C or lower, the thermochromic layer developed color, whereby the light 5 of a spectral 
range of 550 - 600 nm in the inddent light was reflected, while the light 6 of other wavelengths was absorbed, 
thus exhibiting gold luster color. At 20*^0 or higher, the color of the thermochromic layer was extinguished, 
whereby the gold luster color was replaced by the color of the underlying fluorescent red pigment A numeral 
10 indicates the red light reflected by the layer 8. 

J5 

Example 12 

The example 10 was reproduced except that in the colored layer 8 of the example 11 , the fluorescent or- 
ange pigment was replaced. by a fluorescent pink pigment with a luminocity of 5.6. Similarly, below 20^*0, the 
40 thermochromic layer developed cdor, whereby the tight 5 in a spectral range of 550 - 600 nm in the inddent 
light was reflected while the Iight6 of other wavelength was absorbed, thus exhibitng the gold luster cdor. Above 
20''C, the color of the thermochrpic layer was extinguished, whereby tiie gold luster color was replaced by the 
cdor of the underlying fluorescent pink pigment A numeral 1 0 indk:ates the pink light reflected by the layer 8. 

45 Example 13 

The example 10 was reproduced except that, in the colored layer 8 of the example 11, the fluorescent or- 
ange pigment was replaced by a fluorescent green pigment with a luminocity of 8.2. Similarly the therochromic 
layer developed color below 20''C whereby the light 5 of a spectral region of 550 - 600 nm in the incident light 
50 was reflected while the light 6 of other wavelengths was absorbed, thus exhibiting gold luster color. The color 
of the therrriochromic layer was extinguished above 20**C, whereby tiie gold luster color was replaced by the 
cdor of the underlying fluorescent green color. A numeral 10 indicates the green light reflected by the layer 8. 

Reference example 1 

55 . 

The example 1 was reproduced except that the thermochromic materiar therein was replaced by a ther- 
mochromic material in the form of microcapsules with an average particle size of 8 ^im, which was obtained 
by interfacial polymerization microencapsulation with epoxy resin and an amine hardening agent, enclosing a 

14 



EP 0 523 888 A1 

thermochromic composition consisting of 6 parts of 2-anilino-3-methyf-6-dibutytaminofluorange, 10 parts of 
bisphenol-A and 25 parts of neopentyl stearate and not becoming colorless in the color-extinguished state, 
and which had luminoctb'es of 4.5 and 6.0 respectively in the color-developed state and in the color-extinguished 
state. The thermochromic layer developed color at 15°C or lower, whereby the light 5 of a spectral region of 
5 550 - 600 nm in the Incident light was reflected, while the light 6 of other wavelengths, thus exhibiting gold luster 
color. However, in this reference example, even when the color of the thermochromic layer was diminished at 
30^*0 or higher, it could still sufficiently absorb the transmitted light 6, so that the gold luster color became some- 
what thinner but could stOl be perceived. 

10 Reference example 2 

The example 6 was reproduced except that the fluorescent yellow pigment therein was replaced by a blue 
pigment showing luminocities of 2.5 and 3.3 in the mixture respectively in the color-developed state and in the 
color-extinguished state, and that the thermochromic layer of a thickness of about 40 ^ m was composed of 

IS the thermochromic material of the example 1 , the blue pigment and acrylic ester resin. The thermochromic layer 
developed color similarly at 1 5^0 or I woer. whereby the light 5 of aspectral region of 550 - 600 nm in the incident 
light was reflected, while the light 6 of other wavelengths was absorbed, thus exhibiting gold luster color. In 
this reference example, however, as the thermochromic layer was sufficiently capable of absorbing the trans- 
mitted light 6 in its color-extinguished st^te atSO^'C or higher, the exhibited color merely changed to bluish gold 

20 and still bore gold luster. 

Reference example 3 

I 

The example 10 was reproduced except that the fluorescent orange pigment therein was replaced by a 
25 red pigment whereby the colored layer 8 was a red pigment layer with a luminocrty of 3.7. The thermochromic 
layer similarly developed color at 15**C or lower, whereby the light 5 of a spectral region of 550 - 600 nm in the 
incident light was reflected while the light 6 of other wavelengths was absorbed, thus exhibiting gold luster color, 
in this reference example, however, since the thermochromic layer was still capable of sufficiently absorbing 
the transmitted light 6 even in the extinguished state at ZQ^^C or higher, the exhibited color merely changed to 
30 reddish gold and still showed gold luster. 

In the following there will be explained example 5 of color change from silver luster color, with reference 
to the attached drawings. 

Example 1 

35 

Fig. 1 illustrates the example 1 , consisting of a two-layered thermochromic laminate member 1 . Af Irst layer 
3 of a thickness of about 40 was composed of silver luster pigment consisting of natural mica particles 
surfacially coated with titanium oxide of 29 wt% with an optical thickness of 140 nm, and having a partide size 
of 10 - 60 ^m, and acrylic ester resin, and said layer serves to regulate the wavelength of the reflected light 

40 There are also shown an incident light 4 and a reflected light 5. The non-reflected portion 6 of the incident 
light 4 Is absorbed by a thermochromic layer 2. 

A second thermochromic layer 2 of a thickness of about 40 pm was composed of a thermochromic material 
and acrylic ester resin. Said thermochromic material A consisted of microcapsules of an average partide size 
of 8 ^m, formed by interfacial polymerization microencapsulation employing epoxy regin and an amine hard- 

45 ening agent, and enclosing solution of 3 parts of 2-anilino-3-methyl-6-dibutylaminof luorane, 6 parts of bisphe- 
nol-Aand 50 parts of neopentyl stearate, and had luminodties of 2.2 and 9.0 respectively in the color-developed 
state and in the color-extinguished state, which were reversibly assumed by temperature change. 

The thermochromk: layer developed color at 15^C or lower whereby the light 5 constituting a part of the 
inddent visible light was reflected while the light 6 of other wavelengths, thus providing silver luster color, the 

50 thermochromic layer lost color at SO'^C to reflect the transmitted light 6, whereby all the incident light was thus 
reflected and the silver luster color was changed to colorless state. 

ExampI 2 

55 The example 1 was reproduced except the use of a thermochromic material B showing luminocities of 2.7 
and 8.8. r spectively in the color-developed state and in the color-extinguished state, and prepared similarly 
by replacing 2-anilino-3-methyl-6-dibutylf luorane in the example 1 with 1 part thereof and 2 parts of 1,3-dime- 
thyl-6-diethylaminof luorane. Similarly, at IS^C or lower, there was exhibited silver luster color, which was re- 

15 



EP 0 523 888 A1 

placed by a colorless state at 30^*0 or higher. 



Example 3 

5 The example 1 was reproduced except the use of a thermochromic material C showing lumlnocitles of 3.0 
and 8.7 respectively in the color-developed state and In the color-extinguished state, and prepared similarly 
by replacing 2-anilino-3-methyl-6-dibutylfluorane in the example 1 with 2.5 parts of 2-N,N-dibenzylamino-6- 
diethyiaminofluorane. Similarly, at IS^'C or lower, there was exhibited silver luster color, which was replaced 
by a colorless state at 30^C or higher. 

Example 4 

The example 1 was reproduced except the use of a thermochromic material D showing lumlnocitles of 3.2 
and 8.7 respectively in the color-developed state and in the color-extinguished state, and prepared similarly 
15 by replacing 2-anilino-3-methyl-6-dibutylf luorane in the example 1 with 1 .5 parts of 3-(4-diethylamino-2-ethox- 
yphenyl)-3-(1-ethyl-2-methytlndol -3-yl)>4-azaphthalide. Similarly, at 15°C or lower there was exhibited silver 
luster color, which was replaced by a colorless state at dO^'C or higher- 
Example^ 

20 

The example 1 was reproduced except that the silver luster pigment In the example 1 was replaced by a 
silver luster pigment having a partide size of 5 - 20 ^ m and consisting of natural mica particles surfadally 
coated with titanium oxide of 38 wt% with an optical thickness of 1 60 nm. Similarly at 1 5^C or lower there was 
exhibited silver luster color, which was replaced by a colorless state at 30^*0 or higher. 

25 

Example 6 

Fig. 2 shows another embodiment of the present invention, wherein a first layer 3 was same as that in the 
example 1 . A second thermochromic layer 7 of a thickness of about 40 pm was composed of the thermochromic 
30 material employed in the example 1 . a non-thermochromic fluorescent yellow pigment and acrylic ester resin, 
% and was capable of reversible change between a thermally color-developed state and a color-extinguished 
state with the color of said iuorescent yellow pigment, with iuminodties of 2.5 and 8.9 respecth^ely in the color- 
developed state and in the color-extinguished state. 

The thermochromic layer developed color at 15*^0 or lower, whereby the light 5 constituting a part of the 
35 incident visible light while the light 6 of other wavelength is absorbed, thus exhibiting sih/er luster color. At 30*'C 
or higher, the color of the thermochromic layer was extinguished, whereby the silver luster color was replaced 
by the color of the fluorescent yellow pigment A numeral 9 indicates the yellow light reflected by the thermo- 
chromic layer 7. 

40 Example 7 

The metallic luster pigment layer 3 was same as that in the example 1, whSe the thermochromic layer 7 
of a thickness of about 40 ^m was composed of the thermochromic material employed in the example 2, a f lu- 
' orescent pink pigment and acrylic ester resin, and wais capable of reversible change between athermally ceter- 
is developed state and a cdor-extinguished state with the color of the fluorescent pink pigment, wiht iuminodties 
of 2.3 and 5.5 respectively in the color-developed state and in the color-distinguished state. 

At IS^'C or lower, there was exhibited silver luster color, which was replaced by the color of the fluorescent 
pink pigment at 30*^0 or higher. A numeral 9 indicates the pink light reflected by the thermochromic layer 7. 

so Example 8 

The metallic luster pigment layer 3 was same as that in the example 1, while the thermochromic layer 7 
of a thickness of about 40 ^m was composed of the thermochromic material employed in the example 1 , a flu- 
orescent pink pigment, a blue pigment and acrylic ester resin, and was capable of reversible change between 
55 a thermally color-developed state and a color-extinguished state with lavender color obtained by mixing of the 
fluorescent pink pigment and the blue pigment, with luminocities of 2.4 and 5.5 respectively in the color-devel- 
oped state and in the color-extinguished state. At 15^ or lower, there was exhibited silver luster color, which 
was replaced, at 30''C or higher, by lavender color obtained by mixing of the fluorescent pink pigment and the 
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blue pigment. A numeral 9 indicates the lavender light reflected by the thermochromic layer 7. 
Example 9 

5 The metallic luster pigment layer 3 was same as that in the example 1. while the thermochromic layer 7 

^ of a thickness of about 40 \ist\ was composed of the thermochromic material employed in the example 1 , a blue 

pigment, a white pigment and acrylic ester resin, and was capable of reversible change between a thermally 
color-developed state and a color-extinguished state with pastel blue color obtained by mbcing of the blue and 
white pigments, with luminocities of 2.2 and 5.4 respectively in the color-developed state and in the cdor-ex- 
10 dnguished state. Similarly, at 1 5^*0 or lower there was exhibited silver luster color, which was replaced, at 30**C 
or hgiher, by pastel blue color obtained by mixing of the blue and white pigments. A numeral 9 indicates the 
pastel blue light reflected by the thermochromic layer 7. 



IS 
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Example 10 



Fig. 3 shows another embodiment of the present invention, consisting of a three-layered thermochromic 
laminate member, comprising layers 2, 3 same as in the example 1 and a third colored layer 8 containing a 
non-thermochromic coloring material and positioned adjacent to the thermochromic layer 2. In this example, 
the colored layer 8 had a th icicness of about 1 0 ^ m and was fluorescent orange color, composed of a fluorescent 
20 orange pigment and acrylic ester resin, with a tuminocity of 6.3 At 1 S^'C or lower, the thermochromic layer de- 
veloped color, whereby the light 5 of a spectral region of 550 - 600 nm in the incident light was reflected while 
the light 6 of other wavelengths was absorbed, thus exhibiting silver luster color. At SO^'C or higher, the color 
of the thermochromic layer was extinguished, whereby the silver luster color was replaced by the color of the 
underlying fluorescent orange pigment A numeral 10 indicates the orange light reflected by the layer 8. 



Example 11 



The example 10 was reproduced except that the fluorescent orange pigment in the colored layer 8 was 
replaced by a fluorescent red pigment with a luminodty of 4.7, and that the thermochromic layer was replaced 

30 by a layer of a thickness of about 40 |i m composed of acrylic ester resin and a thermochromic material in the 
form of microcapsules of an average partide size of 8 ^ m, which were obtained by interfadal polymerization 
microencapsulation with epoxy resin and an amine hardening agent, enclosing a thermochromic composition 
consisting of 3 parts of 2-anilino-3-methyi-6-dlbutylanftihofiuorane, 6 parts of bisphenol-A, 25 parts of myristyl 
alcohol and 25 parts of cetyl caprate and which showed luminocities of 2.2 and 9.0 respectively in the color- 

35 developed state and in the color-extinguished state. At20''C orlower, the thermochromic layer developed color, 
whereby the light 5 consisting a part of the incident light was reflected while the light 6 of other wavelength 
was absorbed, thereby exhibiting silver luster color. At 20°C or higher, the color of the thermochromic layer was 
extinguished, whereby the silver luster color was replaced by the color of the underlying fluorescent red pig- 
ment A numeral 10 indicates tiie red light reflected by the layer 8. 



Example 12 



The example 10 was reproduced except ttiat the fluorescent orange pigment in Uie colored layer 8 was 
replaced by a fluorescent pink pigment with a iuminocity of 5.6. At 20°C or lower, the thermochromic layer sinv 
45 ilarly developed color, whereby the light 5 constituting a part of the incident visible light was reflected while 
tiie light 6 of other wavelengtiis was absorbed, thus silver luster color being exhibited. At 20^0 or higher, the 
color of the thermochromic layer was extinguished, whereby the silver luster color was replaced by tiie color 
of the underlying fluorescent pink pigment A numeral 10 indicates the pink light reflected by the layer 8. 

50 Example 13 

The example 10 was reproduced except that the fluorescent orange pigment in the colored layer 8 was 
replaced by a fluorescent green pigment with a Iuminocity of 8.2. At 20''C or lower, the thermochromic layer 
similarly developed color, whereby the light 5 constituting a part of tiie incident visible light wais reflected while 
55 ttie tight 6 of other wavelengths was absorbed, thus silver luster color being exhibited. Above ^O'^C, tiie color 
of the thermochromic layer was extinguished, whereby the silver luster color was replaced by the color of the 
underlying fluorescent green pigment A numeral 10 Indicates the green light reflected by the layer 8. 
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Reference example 1 

The example 1 was reproduced except that the thermochromic material therein was replaced by a ther- 
mochromic material in the form of microcapsules with an average particle size of 8 ^m, which were obtained 

5 by interfacial poiymerization microencapsulation with epoxy resin and an amine hardening agent, enclosing a 
thermochromic composition consisting of 6 parts of 2-anaino-3-methyl -6-dibutyiaminof luorane, 1 0 parts of bi- 
sphenol-Aand 25 parts of neopentyl stearate and not becoming colorless in the color-extinguished state, and 
which had iuminocities of 4.5 and 6.0 respectively m the color-developed state and in the color-extinguished 
state. The thermochromic layer developed color at 15°C or lower, whereby the light 5 constituting a part of the 

10 incident visible light was reflected while the light 6 of other wavelengths was absorbed, thus silver luster color 
being exhibited. However, in this reference example, since the thermochromic layer could sufficiently absorb 
the transmitted light in the color-extinguished state at 30^C or higher, the exhibited color merely showed a slight 
loss of silver luster and still retained the silver luster. 

15 Reference example 2 

The metallic luster pigment layer 3 was same as that in the example 1, and the thermochromic layer 7 of 
a thickness of about 40 ^ m was composed of the thermochromic material employed in the example 1, a blue 
pigment and acrylic ester resin. The thermochromic layer developed color similar at 15°C or lower whereby 
20 the light 5 constituting a part of the Incident visible light while the light 6. of other wavelength was absorbed, 
thus silver luster color being exhibited. In this reference example, however, since the thermochromic layer was 
capable of sufficiently absorbing the transmitted light 6 even in the color-extinguished state at 30^*0 or higher, 
the exhibited color merely changed to bluish silver and still retained silver luster. '. 

25 Reference example 3 . 

The example 10 was reproduced except that the fluorescent orange pigment therein was replaced by a 
colored layer 8 with a red pigment with a luminocity of 3.7. The thermochromic layer developer color similarly 
rat 15X or lower,: whereby the light 5 constituting a part of the incident visible light whQe the light 6 of other 
30 ^^wavelengths was absorbed, thus silver luster color being exhibited. In this reference example, however, since 
the thermochromic layer was capable of sufficiently absorbing the transmitted light 6 even In the color-extin- 
guished state at 30^C or higher, the exhibited color merely changed to reddish silver and still retained silver 
luster. . 

In the following there will be explained examples of color change from metallic luster color, with reference 
35 to the attached drawings. 

V - 

Example 1 

Fig. 1 ilustrates the example 1 j consisting of a two-layered thermochromic laminate member 1 . Af irst layer 
40 3 of a thickness of about 40 ]un was composed of acrylic ester resin and a metallic luster red pigment consisting 
of natural mica particles surfacially coated with titanium oxide of 47 wt.% with an optical thickness of 265 nm 
and having a partide size of 1 0 - 60 ^m, and said layer serves to regulate the wavelength of the reflected light 
There are also shown an incident light 4 and a reflected light 5. The non-reflected portion 6 of the incident 
light 4 is absort)ed by a thermochromic layer 2: 
, 45 A second thermochromic layer 2 of a thickness of about 40 \xfi\ was composed of a thermochromic material 
and acrylic ester resin. Said thermochromic material A consisted of microcapsules of an average partide size 
of 8 ^m, formed by interfecial polymerization microencapsulation employing epoxy resin and an amine hard- 
ening agent, and endosing solution of 3 parts of 2-anilino-3-methyl-6-dibutyiaminof luorane. 6 parts of bisphe- 
nol-Aand 50 parts of neopentyl stearate, and had luminodties of 2.2 and 9.0 respectively in the cdor-developed 
50 state and In the coior-extinguished state, which were reversibly assumed by temperature change. 

The thermochromic layer developed color at 15°C or lower whereby the light 5 of a spectral region of 650 
- 700 nm in the incident light was reflected whOe the light 6 of other wavelength was absorbed, thus metallic 
luster red cdor being exhibited. The thermochromic layer lost color at 30?C or higher>to reflect the transmitted 
light 6, whereby all the inddent light was thus reflected and the metallic lust r red color changed to colorless 
55 state. 
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Example 2 

« 

The example 1 was reproduced except that the metallic luster red pigment therein was replaced by a met- 
allic luster purple pigment consisting of natural mica particles surfacially coated with titanium oxide of 4d wt% 
5 with an optical thickness of 295 nm and having a particle size of 10 - 60 ^ m. 

The thermochromic layer developed color at 1 5°C or lower whereby the light 5 in a spectral region of 380 ' 

- 430 nm in the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metallic 
luster purple color being exhibited. The thermochromic layer lost color at 30''C or higher to reflect the trans- 
mitted light 6, whereby all the incident light was reflected and the metallic luster purple color changed to col- 

10 orless state. 

Example 3 

r I 

The example 1 was reproduced except that the metallic luster red pigment therein was replaced by a met- v 
IS allic luster blue pigment consisting of natural mica particles surfaciaJly coated with titanium oxide of 52 wt% 
with an optical thickness of 330 nm and having a partide size of 10 - 60 ^m. 

The thermochromic layer developed color at 1 5**C or lower whereby the light 5 in a spectral region of 430 

- 500 nm in the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metallic 
blue color being exhibited. The thermochromic layer lost color at 30^*0 or higher to reflect the transmitted light 

20 6, whereby all the incident tight was reflected and the metallic blue color changed to colorless state. 

Example 4 

The example 1 was reproduced except that the metallic luster red pigment therein was replaced by a met- 
25 attic luster green pigment consisting of natural mica particles surfadally coated with titanium oxide^of 57 wL% 
with an optical thickness of 395 nm and having a particle size of 10 • 60 ^m. 

The thermochromic layer developed color at 15''C or lower whereby the light 5 in a spectral region of 500 
540 nm in the incident tight was reflected while the light 6 of other wavelengths was absorbed, thus metallic 
iluster green color being exhibited. The thermochromic layer lost color at 30*^0 or higher to reflect the transmitted 
30 illght 6, whereby all the incident light was reflected and the metallic luster green color changed to colorless state. 

* ' I" • ■ , , • 

Example 5 

The example 1 was reproduced except the use of a thermochromic material which was similarly prepared 
35 by replacing 2-anilino-3Hmethyl-6-dibutylaminof tuorane with 1 .5 parts of 6-diethylaminobenzo (aHluorane and 
which showed tuminocltles of 4.2 and 8.8 respectively in the color-developed state and in the color-extinguished 
stae. At iS^'C or tower there was exhibited metallic magenta color, which changed to colorless state at SO^'C 
or higher, 

40 Example 6 

>" • ■> 

The example 2 was reproduce except the use of a thermochromic material C which was similarly prepared 

by replacing 2-animino-3-methyl-6-dibutylaminoftuorane therein with 1 .5 parts of 6-diethylaminobenzo (aHlu- 
orane and 0.5 parts of 3-(4-diethylamino -2'ethoxyphenyl)-3-(1-ethyl-2-methyllndot -3-yl)-4-azaphthalide and 
45 which showed luminocities of 3.8 and 8.7 respectively in tiie color-developed state and in the color-extinguished 
state. At 15X or lower there was exhibited metallic purple color, which changed to colorless state at 30''C or 
higher. 

Example 7 

50 ^ 

The example 3 was reproduced except the use of a thermochromic material which was similarly prepared 
replacing 2-anilino-3-methyl-6-dibutyiaminof tuorane therein with 0.5 parts of 3-(4-diethylamino -2-ethoxyphe- 
nyl)-3-(1-ethyl-2-methylindol -3-yl)-4-azaphthalide and which showed luminocities of 3.4 and 8,8 respectively 
in the color-developed state and in the color- xtinguished state. At 1 5°C or lower there was similarly exhibited 
55 metallic blue color, which changed to colorless state at 30^*0 or higher. 
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Example 8 

The example 4 was reproduced except the use of a thermochromic material which was similarly prepared 
by replacing 2-anilino-3-methyl-6-dibutylaminofluorane with 0.5 parts of 3,3-di(4-dlethylamino -2-ethoxyphe- 
5 nylH-azaphthalide and which showed luminocities of 5. 1 and 8.9 respectively in the color-developed state and 
In the color^extinguished state. Similarly, at 15*C or lower there was exhibited metallic green color, which 
changed to colorless state at SO^'C or higher. 

ExampleQ - ' 

10 

Fig. 2 shows another embodiment of the present Invention, wherein a first layer 3 was same as that in the 
example 1 . A thermochromic layer 7 of a thickness of about 40 ^m was composed of a thermochromic material, 
a blue pigment, a white pigment and acrylic ester resin, and was capable of reversible change, between a ther- 
mally color-developed state and pastel blue color obtained by mixing of the blue and white pigments, with lu- 
/5 minocities of the mixture of 2.5 and 8,9 respectively in the odor-developed state and In the color-extinguished 
state. 

The thermochromic layer developed color at 1 5^C or lower whereby the light 6 of a spectral region of 650 

- 700 nm In the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metallic 
luster red color being exhibited. The odor of the thermochromic layer was extinguished at 30'*C or higher. 

20 whereby the metallic luster red color was replaced by pastel blue color obtained bymixingof the blueand white 
pigments. A numeral 9 indicates the pastel blue light reflected by the thermochromic layer 7. 

Example 10 

25 The metallic luster pigment layer 3 was same as that in the example 9. whSe the thermochromic layer 7 
of a thickness of about 40 ^ m was composed of the thermochromic material employed In the sample 5, a flu- 
orescent orange pigment and acrylic ester resin, and was capable of reversible change between a thermally 
V color-devetoped state and a cptor-extingulshed state with the color of the fluorescent orange pigment, with lu- 
/ ^ mihodties of the niixture of 2.5 and 8.9 respectively in the cdor^Kleveloped state and in the oolor-extinguished 
30 state.:Slmflarly, at 15*C or lower there was exhibited metallic luster red color, which was replaced/ at 30*C or 
higher, by the odor of the fluorescent orange pigment. A numeral 9 indicates the orange light reflected by the 
layer 7, 

Example 11 

r jhe metallic luster pigment layer 3 of a thickness of about 40 jim was composed of a metallic luster red 
pigment, consisting of natural mica partides surfacially coated witti titanium oxide of 45 wt% and further with 
k)n oxkle of 4 wt% with a combined optical thickness of 270 nm and having a partide size of 10 - 50 Mm. and 
acrylic ester resin. The thermochromic layer 7 of a thickness of about 40 nm was composed of the thernrw- 
40 chromic material employed in the example 1, a fluorescent yellow pigment and acrylic ester resin, and was 
capable of reversible change between a thermally color-developed state and the cdor of the fluorescent yellow 
pigment, with luminocities of the mixture of 2.2 and 8.9 respectively in the color developed state and In the color- 
extinguished state. 

The thermochromic layer developed cdor at 15*C or lower whereby the light 5 of a spectral region of 650- 
45 700 nm in the Incident tight was reflected, while the light 6 of other wavelengths was absorbed, thus metallic 
luster reddish purple color being exhibited. The color of the thermochromic layer was extinguished at 30''C or 
higher, whereby said metallic luster reddish purple color was replaced by the cdor of the fluorescent yellow 
pigment A numeral 9 indicates the yellow light reflected by the thermochromic layer 7. 

« 

50 Example 12 

The metdlic luster pigment layer 3 was same as that in the example 2. whOe the thermochromic layer 7 
of a thickness of about 40 Mm was composed of the thermochromic material employed in the example 1 , a flu- 
orescent green pigment and acrylic ester resin, and was capable of reversible change between a thermdiy 
55 color-developed state and a color-extinguished state with the color of the fluorescent green pigment, with lu- 
minocities of the mixture of 2.3 and 8.0 respectively In the color-developed and in the color-extinguished state. 

The thermochromic layer developed color at 15°C or lower whereby the light 5 of a spectral region of 380 

- 430 nm in the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metallic 

20 
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luster purple color being exhibited. The color of the thermochromic layer was extinguished at 30''C or higher, 
whereby the metallic luster purple color was replaced by the color of the fluorescent green pigment A numeral 
9 indicates the green light reflected by the thermochromic layer 7. 

5 Example 13 

The metallic luster pigment layer 3 was same as that in the example 3. whfle the thermochromic layer 7 
of a thickness of about 40 ^m was composed of the thermochromic material employed in the example 1 , a flu- 
orescent red pigment and acrylic ester resin, and was capable of reversible change between a thermally color- 
to developed state and a color-extinguished state with the color of the fluorescent red pigment, with luminocities 
of the mixture of 2.4 and 4.8 respectively in the color-developed state and in the color-extinguished state. 

The thermochromic layer developed color at IS^'C or lower whereby the light 5 of a spectral region of 430 

- 500 nm in the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metallic 
. luster blue color being exhibited. The color of the thermochromic layer vyas extinguished at 30^C or higher, 
15 whereby the metallic luster blue color was replaced by the color of the fluorescent red pigment A numeral 9 

indicates the red light reflected by the thermochromic layer 7. . 

Example 14 

20 The metallic luster pigment layer 3 was same as that in the example 4, while the thermochromic layer 7 
of a thickness of about 40 ^m was composed of the thermochromic material employed in the example 1 , a flu- 
orescent pink pigment a blue pignfient and acrylic ester resin, and was capable of reversible change between 
a thermally color-developed state and a color-extinguished state with lavender color obtained by the mixing of 
the fluorescent pink pigment and the blue pigment with luminocities of the mixture of 2.3 and 5.5 respectively 

25 in the color-developed state and in the color-extinguished state. The thermochromic layer developed color at 
15°C or lower whereby the light 5 of a spectral region of 500 - 540 nm in the incident light was reflected while 
the light 6 of other wavelengths was absorbed, thus metallic luster green color being exhibited. The color of 
the thermochromic layer was extinguished at 30X or higher, whereby the metallic luster green color was re- 
placed by lavender color obtained by mixing of the fluorescent pink pigment and the blue pigment A numeral 

30 9 indicates the lavender light reflected by the thermochromic layer 7. 

Example 15 

^ 

Fig. 3 shows another embodiment of the present invention, consisting of a three-layered thermochromic 
35 laminate member, comprising layers 2, 3 san^ as in the example 5 and a third colored layer 6 containing a 
non-thermochromic color material and positioned adjacent to the thermochromic layer 2. In this example, the 
colored layer 8 had a thickness of about 10 ^m and was fluorescent yellow color, composed of a fluorescent 
yellow pigment and acrylic ester resin, with a luminocity of 8.9. The thermochromic layer developed color at 
15^C or lower whereby the light 5 of a spectral regton of 650 - 700 nm in the inckient light was reflected while 
40 the light 6 of other wavelengths was absorbed, thus metallic luster red color being exhibited. The color of the 
thermochromic layer was extinguished at 3Q^C or higher, whereby the metallic luster red color was replaced 
by the color of the underlying fluorescent yellow pigment A numeral 10 indicates the yellow light reflected by 
the non-thernfK)chromic colored layer 8. 

45 Example 16 

The metallic luster pigment layer 3 was same as that in the example 2^ while the thermochromic layer 2 
of a thickness of about 40 ^m was composed of a thermochromic material and acrylic ester resin. Said ther- 
mochromic materail had the form of microcapsules of a particle size of 8 ^ m, which were obtained by interfacial 
50 polymerization microencapsulation employing epoxy resin and an amine hardening agent and enclosing a ther- 
mochromic composition consisting of 3 parts of 2-anilino-3-methyl -6-dibutylaminof luorane. 6 parts of btsphe- 
nd-A, 25 parts of myristyl alcohol and 25 parts of cetyl caprate and which showed luminocities of 2.2 and 9.0 
respectively in the color-developed state and in the color-extinguished stat . The colored layer 8 of a thickness 
of about 1 0 ^m was of fluorescent orange color and was composed of a fluorescent orange pigment and acrylic 
55 ^ster resin, with a luminocity of 6.3. 

The thermochromic layer developed color at 20*'C or lower whereby the light 5 of a spectral region of 380 

- 430 nm in the incident light was reflected while the light 6 of other wavelength was absorbed, thus metallic 
luster purple color being exhibited. The color of the thermochromic layer was extinguished at 20''C or higher. 
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whereby the metallic luster purple color was replaced by the color of the underlying fluorescent orange pigment. 
A numeral 10 Indicates the orange light reflected by the non-thermochromic layer 8. 



" Example 17 

5 

The example 16 was reproduced except the thermochromic rhatenal therein was replaced by a ther mo- 
chromic material in the form of microcapsules enclosing the thermochromic material of the example 5. Similarly 
the thermochromic layer developed color at 1 S'C or lower whereby the light 5 of a spectral region of 380 - 430 
nm in the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metallic luster 
10 magneta color being exhibited. The color of the thernK)chromic layer was extinguished at 30''C or higher, where- 
by the metallic luster magenta color was replaced by the color of the underlying fluorescent orange pigment. 
A numeral 10 indicates the orange light reflected by the non-thermochromic colored layer 8. 



Example 18 

IS . 

The example 16 was reproduced except that the metallic luster pigment therein was replaced by that em- 
ployed in the example 3 and the fluorescent orange pigment in the colored layer 8 was replaced by a fluorescent 
pink pigment with a luminocity of 5,5 Similarly the thermochromic layer developed color below 20*»C whereby 
the light 5 of a spectral region of 430 • 500 nm in the. incident light was reflected while the light 6 of other wa- 
20 velengths was absorbed, thus metallic luster blue color being exhibited. The color of the thermochromic layer 
was extinguished above 20^C, whereby the metallic luster blue color was replaced by the color of the underlying 
fluorescent pirik pigment A numeral 1 0 indicates the pink light reflected by the non-thermochromic colored lay- 
er 8. 



25 Example 19 

The examplis 18 was reproduced except that the fluorescent pigment In the colored layer 8 therein was 
replaced by a fluorescent yellow pigment with a luminocity of 8.4. Simflarly the thermochromic layer developed 
j color below 20*0 whereby the light 5 of a spectral regton of 430 ^ 500 nm in the Incident light was reflected 
30 while the light 6 of other wavelengths was absorbed, thus metallic luster blue color being exhibited. The color 
of the thermochromic layer was extinguished above 20^C, whereby the metallic luster blue color was replaced 
by the color of the underlying fluorescent yellow pigment Anumeral 10 indicates the yellow light reflected by 
the non-thermochromic colored layer 8. 

^ 35 Example 20 

The example 1 6 was reproduced except that the metallic luster pigment therein was replaced by that em- 
ployed in the example 4 and that the fluorescent orange pigment in the colored layer 8 was replaced by a flu- 
orescent red pigment with a luminocity of 4.7. Similarly the thermochromic layer developed color below 20"C 
40 whereby the light Sof a spectral region of 500 - 540 nm in the incident light was reflected while the light 6 of 
other wavelengths was absorbed, thus metallic luster green color being exhibited. The color of the thermo- 
chromic layer was extinguished above 20**C, whereby the metallic luster green color was replaced by the color 
of the underlying fluorescent red pigment A numeral 10 indicates the red light reflected by the non-thermo- 
chromic colored layer 8. 

45 

Example 21 

The example 20 was reproduced except that the fluorescent red pigment in the colored layer 8 therein was 
replaced by a blue pigment and a white pigment with a luminocity of 5.0. Similarly the thermochromic layer 
so developed color below 20**C, whereby the Igiht 5 of a spectral region of 500 - 540 nm in the incident light was 
reflected while the light 6 of other wavelengths was absorbed, thus metallic luster green color being exhibited. 
The color of the thermochromic layer was extinguished above 20'>C, whereby the metallic luster green color 
was replaced by pastel blue color obtained by the mixing of the underlying blue and white pigments. A numeral 
10 Indicates th pastel blue light reflected by the non-thermochromic colored layer 8. 

55 

Reference example 1 

The example 1 was reproduced except that the thermochromic material therein was replaced by a ther- 
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mochromic material in the form of microcapsules with an average particle size of 8 jim, which were obtained 
by interfacial polymerization microencapsulation with epoxy resin and an amine hardening agent, enclosing a 
thermochromic composition consisting of 6 parts of 2-anilino-3-methyl -6-dibutylaminofluorane, 10 parts of bi- 
sphenol-A, and 25 parts of neopentyl stearat and not becoming colorless in the coJor-extinguished state, and 

5 which has luminocities of 4.5 and 6.0 respectively in the color-developed state and in the color-extinguished 
state. The thermochromic layer developed color at 15°C or lower, thereby the light 5 of a spectral region of 490 
- 500 nm in the incident light was reflected while the light 6 of other wavelengths was absorbed, thus metalling 
luster blue color being exhibited. In this reference example, however, since the thermochromic layer was ca- 
pable of sufficiently absorbing the transmitted light 6 even in the color-extinguished state at 30*C or above, 

10 the metallic luster blue color became somewhat thinner but was still perceivable, and reversible change be- 
tween the metallic blue color and the colorless state could not be attained. 

Reference example 2 

15 The metallic luster pigment layer 3 was same as that in the example 9, while the thermochromic layer 7 
of a thickness of about 40 n m was composed of the thermochromic material employed in the reference example 
1, a blue pigment and acrylic ester resin, with luminocities of 2.5 and 3.3 respectively In the color-developed 
state and in the color-extinguished state. The thermochromic layer developed color similarly at 15°C or lower 
whereby the light 5 of a spectral region' of 650 - 700 nm in the Incident light was reflected while the light 6 of 

20 other wavelengths was absorbed, thus metallic luster red color being exhibited. In this reference example, how- 
ever, since the thermochromic layer was capable of suff icinetly.absorbing the transmitted light 6 even in the 
color-extinguished state at ZQ^C or higher, the exhibited color merely changed to somewhat bluish metallic red 
color but still retained metallic luster red color, and the reversible change between the metallic red color and 
the colorless state could not be attained. 

25 

. Reference example 3 

The example 16 was reproduced except that the fluorescent orange pigment therein was replaced by a 
red pigment layer as the colored layer 8, with a iumiocity of 3.7..The thermochromic layer simaarly developed 

30 color below 20''C, whereby the light 5 of a spectral region of 380 - 430 nm in the incident light was reflected 
while the light 6 of other wavelengths was absorbed, thus metallic luster purple color being exhibited. In this 
reference example, however, since the thermochromic layer was capable of sufficiently absorbing the trans- 
mitted light 6 even in the color-extinguished state above 2^0, the exhibited color merely changed to somewhat 
reddish metallic purple color and still retained metallic purple luster, and the reversible change between the 

35 metallic purple color and the red color could not be attained. 

In the following there will be explained examples of application of the thermochromic laminate member of 
the present invention, and at first shown are applications to toys. 

Application example 1 

40 ' 

Preparation of a doll dress (gold - rainbow color) 

On a synthetic leather sheet consisting of polyvinyl chloride resin, stripe patterns were printed with com- 
mercial screen printing inks (non-thermochromic ) of yellow, green, pink, orange and blue. Then a thermo- 
45 chromic layer 2 of a thickness of 40 ^m was formed on the entire surface, bearing said stripe patterns thereon, 
by printing with a 100-mesh screen, employing thermochromic screen printing ink consisting of dispersion of 
a thermochroniic color-memorizing pigment (black-colorless; color-extinguishing temperature 30*C, color-de- 
veloping temperature 15°C). 

Then, on said thermochromic layer 2. there was formed a metallic luster pigment layer 3 of a thickness of 
so 40 nm, by printing through a 1 00-mesh screen with screen printing ink containing gold luster pigment 

The obtained sheet, which appeared gold color, showed the stripe pattern of the abovemeritioned five col- 
ors when locally heated to 30*^0 or higher, and retained said stripe pattern at room temperature. 

Said heated area returned to gold color when it was cooled to 1 5**C or low r, and the entire sheet appeared 
gold color. 

55 Also after being converted Into the stripe-patterned state by heating entirely to 30*C or higher, said sheet 
showed gold color when locally cooled to IS'^C or lower, and retained the gold color pattern at the room tem- 
perature. When subs quendy heated to ZQ^'C or higher, the gold color disappeared and the entire sheet re- 
turned to the stripe-patterned state. 
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Costumes (jacket and skirt) of a doil were prepared by cutting and sewing said sheet Said costumes could 
arbitrarily show gold color or colorful strip patterns at the room temperature, and the user could exhibit various 
modes by locally generating gold color or stripe patterns. 

5 [Composition of thermochromic color-memorizing screen printing ink] 

15 parts thermochromic coior-memorizing pigment 

40 parts vinyl acetate-vinyl chloride copolymer resin 

0.5 parts silicone defbamer 

10 20 parts xylene 

10 parts methylisobutylketone 

15 parts aromatic medium-boiling solvent 



IS 
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[Composition of screen printing ink containing metallic luster pigment] 



14 parts metallicluster gold pigment (Iriodine 205) 
40 parts vinyl acetate-vinyl chloride copolymer 
0.5 parts silicone defbamer 

10 parts xylene 
20 20 parts methyl isobutylketone 

15 parts aromatic medium-boiling solvent , 

Iriodin is the trande name of the metallic luster gold pigment manufactured by Merck Japan, and #205 in- 
dicates the product number (hereinafter likewise indicated). 

The parts In the composition indicate the parts by weight In the following compositions the quantities are 
25 likewise Indicated. 

Applicatibn example 2 

On a white satin doth, a thermochromic layer 7 (thickness 35 ^m) in the heart-shaped patterns was formed 
30 by printing, through a 100-mesh screen, of thermochromic screen printing inks of five colors (black - fluorescent 
pink, black* fluorescent yellow, black - fluorescent green, black • fluorescent red, and black - fluorescent blue) 
having a color-varying temperature of SO'^C. 

Then, on thus prepared thermochromic layer 7 of heart-shaped patterns, a metallic luster pigment layer 3 
of a thickness of 40 (un by overlay '^pr^ting of the heart-shapeid patterns with screen printing ink containing a 
35 silver luster pigment An acrylic top coating of a thickness of about 20 was further formed thereon. 

A casual dress for a doll was prepared by cutting and sewing thus formed doth. Said dress showed silver- 
colored heart-shaped patterns on white background, but. when breath is blown to heart-shaped patterns, said 
patterns changed to pearl pink, pearl yellow, pearl green, pearl red and pearl blue. Thus varied colors returned 
to the silver cdor at the room temperature, and the color variation betwee n the silver color and the various colors 
40 could be repeated. 

[Composition of thermochromic saeen printing ink] 

10 parts thermochromic color-memorizing pigment 

45 0.2-2 parts ordinary pigment (pink, yellow, green, red or blue) 

10 parts acrylic ester emulsion 

10 parts mineral terpene emulsnn 

0.2 parts crosslinking agent 

0.01 parts defoamer 



(Composition of screen printing ink containing metallic luster pigment ] 



10 parts silver luster pigment (Iriodin 100; Merck Japan) 

40 parts acrylic ester resin 

55 0.5 parts silicone defoamer 

20 parts butyl acetate 

10 parts xylen 

10 parts aromatic medium-boiling solvent 

24 
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Application example 3 

A metalllic luster thermochromic toy 1 was prepared by forming, in ttie following parts of a doll made of 
polyvinyl chloride resin, a thermochromic layer 7 by spraying a thermochromic spray paint, then forming a met- 
5 allic luster pigment layer 3 by spraying a spray paint containing a metallic luster pigment, and finally spraying 
a dear coating. 

The sprayed portions, thermochromic layers 7, metallic luster pigments layer 3 and the obtained color 
changes as follows: 

Lips [thermochromic layer black - pink (color developed at 15*^0, color extinguished at ZO'^C); metallic 
10 luster pigment layer Iriodin 205; color change; gold - peart pink (changes at 15°C and ZO'^C)], 

Eye shadows [thermochromic layer black-lavender (color developed at 15°C, color extinguished at 
30^*0); metallic luster pigment layer Iriodin 100; color change: silver - pearl lavender (changes at 15^*0 and 
30^C)]. 

. Earrings [thermochromic layer black - orange (color developed at 15°C, color extinguished at 30'*C); 
15 metallic luster pigment layer Iriodin 225; color change: metallicrblue - pearl orange (changes at 15^C and 
30^C)1, and . 

Manicure [thermochromic layer black - pink (color developed at 1 color extinguished at 30°C); met- 
allic luster pigment layer Iriodin 235; color change: metallic green - pearl pink (changes at IS^'C and 30°C)]. 
Thus obtained doll, at the room temperature after being heated to SO'^C or higher, showed a state of ordinary 
20 light make-up, with pink lips, lavender eye shadows, orange earrings and pink nails. When these areas were 
cooled with a make-up utensil filled with iced water, the doll varied to a sychedelic make-up with gold lip, silver 
eye shadows, metallic blue earrings and metallic green manicure, and this state was stably maintained at the 
room temperature. The original ordinary make-up was restored by heating sakt areas with a make-up utensil 
filled with warm water or a doth impregnated with warm water. 
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[Composition of thermochromic color-memorizing spray paint] 



1 0 parts thermochromic pigment (black - colorless (color developed at 1 5''C and extinguished at 30''C) 

0.2 -2 parts ordinary pigment (pink, lavender or orange) 

30 45 parts 50 % solution of acrylic resin in xylene 

. 20 parts xylene 

20 parts methylisobutylketone 



[Composition of spray paint containing metallic luster pigment] 

2 parts metallic luster pigment 

45 parts 50 % xylene solution of acrylic resin 

20 parts xylene 

20 parts methylisobutylketone 

Application example 4 



A zinc die-cast miniature car was painted white by electrostatic painting at 90,000 V, employing an auto- 
matic disk-type electrostatic painting machine'and utilizing a white alkyd-melamine spray paint for electrostatic 
45 painting, and a thermochromic color-memorizing spray paint for electrostatic painting was similarly painted with 
the automatic disk-type electrostatic painting machine at 90.000 V. 

^ After hardening for 15 minutes at 100^*0. a spray paint for electrostatic painting containing a metallic luster 
pigment was similarly applied, and was hardened for 1 5 minutes at lOO^'C. Finally a clear coat for electrostatic 
painting was similarly applied and hardened for 15 minutes at lOO^'C to obtain a thermochromic miniature car 
50 of metallic luster, with color-memorizing character. 

The obtained miniature car changed to silver color when cooled to 15''C or lower, and retained the silver 
color at the room temperature. It changed to pearl blue color when heated to 35*'C or higher, and remained in 
this state at the room temperature. Also when the roof portion was cooled to 15°C or lower, said portk)n alone 
changed to silver color, and the obtained two-tone color state remained at the room temperature. 



1 

[Composition of thermochromic color-memorizing spray paint for electrostatic painting] 

15 parts thermochromic pigment (black - colorless; color developed at 15°C and extinguished at SO^'C) 
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0.5 parts ordinary blue pigment 

35 parts 50 % xylene solution of atkyd resin 

0.5 parts additive 

30 parts xylene 

20 parts butyl acetae 

10 parts butyl ceilosolve 

6 parts . melamlne resin 

[Composition of metallic luster pigment-containing spray paint for electrostatic painting] 

4 parts silver luster pigment (Superwhite (trade name), Meart corporation (U.SA)) 

35 parts 50 % xylene solution of alkyd resin 

0.5 parts additive 

30 parts xylene ^ 

15 20 parts butyl acetate 

10 parts butyl ceilosolve 

6 parts melamlne resin 
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Application example 5 



On a white doll crown made of styrol resin, heat-shaped patterns were formed with a thermochromic color- 
memorizing spray paint (black - green, color developed at 20*^0 and extinguished at 30''C). and the remaining 
area was sprayed with another thermochroic color-memorizing spray ink (black - pink, color developed at 20''C 
and extinguished at 30^C). Then the entire surface of the crown was sprayed with a spray paint containing a 
25 gold luster pigment and finally with a lustrous dear coating. 

Thus prepared crown, which was gold at 20^C or lower, changed to pink color with green heart-shaped 
patterns when heated to 30^*0 or higher and retains this state at the room temperature. It returns to the gold 
. color when cooled to 20'*C or lower and retained this state at the room temperature. 

30 (Composition of thermochromic color-memorizing spray paint] 

15 parts thernKxhromic color-memorizing pigment (black - colorless, color developed at 20^*0 and extin- 
guished at SO^'C) 
3 parts ordinary fluorescent pink pigment 
35 40 parts . 50 % xylerie solutton of acryl polybl . 
6 parts polyisocyanate hardening agent 
40 parts xylene 



[Composition of thermochromic color-memorizing spray paint] 



15 parts thermochromic color-memorizing pigment (black - colorless, color developed at 20'*C and extin- 
guished at 20^*0) 
1 part ordinary green pigment 
40 parts 50 % xylene solution of acrylopolyol 
45 6 parts isocyanate hardening agent 
40 parts xylene 

[Composition of metallic luster pigment-containing spray paint] 

so 3 parts gold luster pigment (Iriodin 205) 

40 parts 50 % xylene solutton of acrylopolyol 

6 parts polyisocyanate hardening agent 

40 parts xylene 

55 [Composition of lustrous dear coat] 

40 parts 50 % xylene solution of aaylopolyol 
6 parts polyisocyanate hardening agent 
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40 parts xylene 
Application example 6 

5 A toy robot was Injected molded, at a cylinder temperature of 180*'C and a nozzle temperature of IZO^'C, 

utilizing a mixture of 20 parts of a ttiermochromic pigment (black - colorless), 1.5 parts of an ordinary yellow 
pigment and 1 000 parts of polystyrene. On said toy robot, following ttiree spray paints containing metallic luster 
pigments were spray coated, and a clear top coating was spirayed over the entire surface. 

* 

10 [Compositions of metallic luster pigment-containing spray paints] - 

Body: 3 parts of Iriodin 1 00 in a vehicle cosisting of 40 parts of 50 % xylene solution of acrylic resin; 
Head: 3 parts of Iriodin 205 in said vehicle; and 
Legs: 3 parts of Iriodin 219 in said vehicle. 
IS Thus obtained toy robot was yellow at the room temperature (ca. 25''C), but changed, when immersed in 
iced water, to gold color in the head, metallic purple in the legs and silver color in other parts. When left at the 
room temperature (ca. 25^C), the toy robot returned to yellow color in the entire parts. 

Application example 7 

20 

A doll pendant made of pale orange ABS resin was manually sprayed with a thermochromic color-menv 
orizing spray paint (consisting of 40 parts of a thermochromic color-memorizing pigment (brown - black, color 
developed at 18X and extinguished at 32*'C), 2 parts of an ordinary fluorescent pink pigment, 1 part of a flu- 
orescent orange pigment 40 parts of 50 % xylene solutton of aaylic resin, and 40 parts of xylene). Then it 

25 was sprayed with a gold luster pigment-containing spray paint (consisting of 3 parts of Hi-Lite Colors Gold (trade 
name of The Mearl Corporation (U.S A), 40 parts of 50 % xylene solution of acrylic resin and 40 parts of xylene) 
to obtain a thermochromic pendant 

When cooled to 18''C or lower, said pendant changed to reddish gold color and retained said color at the 
room temperature. When heated to 32*'C or higher, it changed to red color which was retained at the room tenv 

30 perature. Upon cooled to 18X or lower again, it changed to gold color which* was retained at the room tenv 
perature. 

In the following there will be explained applications to accessories. 

Application example 1 

35 

A barrette, formed by connecting four white heart-shaped articles nrtolded from styrol resin, was colored 
in the following manner. 

On the first molded article, there were laminated a color-memorizing thermochromic layer 7A (black - pink, 
color changes at ^5'*C and 32''C), then a gold luster pigment layer 3A, containing Iriodin 205, and finally a lus- 

40 trous top coating 5. Similarly, on the second molded article, there were formed a color-memorizing thermo- 
chromic layer 78 (black - green, color changes at 15°C and 32''C), and a silver luster pigment layer 3B con- 
taining Iriodin 100. On the third molded article there were formed a color-memorizing therochromic layer 70 
(black - yellow, color changes at 15''C and 32°C) and a gold luster pigment layer 30. On the fourth molded 
article there were formed a color-memorizing thermochromic layer 7D (black - blue, color changes at 1 5*^0 and 

45 32^0) and a silver luster pigment 3D. Finally a dear coating was applied onto these molded articles. Iriodin is 
the trade name of Merck Japan, and the following number indicates the product grade. 

The above-mentioned thermochromic layere 7A - 70 were prepared with spray paints of the following com- 
positions A- D. 

The spray paint A consisted of 15 parts of a therniochromk: color-menrtorizing pigment (black - colorless, 
so color changes at 15''0 and 32^*0) and 3 parts of an ordinary fluorescent pink pigment dispersed in 40 parts 
of 50 % xylene solution of acrylic resin. The spray paint B consisted of 0.05 parts of an ordinary blue pigment 
and 0.5 parts of an ordinary yellow pigment instead of the ordinary pigment in the composition A. The spray , 
paint C consisted of 1 part of an ordinary yellow pigment instead of the ordinary pigment in said composition 
A; The spray paint D consisted of 0.3 parts of an ordinary blu pigment instead of the ordinary pigment in said 
55 composition A. The metallic luster pigment layers 3A - 3D wer obtained by dispersing 3 parts of respective 
metallic luster pigments in a vehicl consisting of 40 parts of 50 % xylene solution of acrylic resin and 40 parts 
of xylene. Thus obtained thermochromk: barrette, which was gold in the first and third molded articles and silver 
in the second and fourth molded articles at 15''C or lower, changed to pink, green, yellow and blue in said first 
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second, third and fourth molded articles at 32®C or higher, and retained this state, at the room temperature. 
When cooled again to IS'^C or lower, the barrette returned to the original state with gold and silver colors, and 
retained this state at the room temperature. Thus this barrette can have two designs (color states), which can 
be arbitrarily selected by the user. 

5 

Application example 2 

A necklace, consisting of plural metal stars, was sprayed with white acrylic paint, and, after drying, was 
colored in the following manner 

10 On a first star, there were formed a color-memorizing thermochromic layer 7E (black - pink, color changes 
at 1 S'^C and 38°C), then a metallic luster purple pigment layer 3E, obtained firom a paint prepared from 3 parts 
of Iriodin 219 dispersed in a vehlde consisting of 40 parts of 50 % xylene solution of acrylpolyol, 6 parts of a 
polyisocyanate hardening agent and 40 parts of xylene, and finally a lustrous dear coating. Similarly color- 
memorizing thermochromic layers F, G, H, I (cdor change temperatures being same as those in the layer 7E) 

15 were fbrmed respecth^ely on a second star (black - yellow), a third star (black - blue), a fourth star (black - or- 
ange) and a fifth start (black - green). Subsequently a metallic luster pigment layer 3 was formed with the same 
paint as for the layer 3E, on each thermochromic layer 7, and the lustrous dear coating was applied. 
Said thermochromic layers 7E - 71 were prepared with the fdlowing spray paints E - 1. 
The spray paint E was obtained by dispersing 1 5 parts of a cdor*memorizing thermochromic pigment (color 

20 changes at IS^'C and Z&'C) and 3 parts of an ordinary fluorescent pink pigment in a vehide consisting of 40 
parts of 50 % xylene solution of acrylic resin, 6 parts of a polyisocyanate hardening agent and 40 parts of xy- 
lene. The spray paints F. G, H, I were respectively obtained by repladng the ordinary pigment in the paint E 
with 15 parts of a yellow pigment, 0.2 parts of a blue pigment, 0.5 parts of an orange pigment, and 0.7 parts 
of a yellow pigment combined with 0.05 parts of a blue pigment The first to fifth stars of thus prepared ther- 

25 mochromic necklace were ail metallic purple at 15''C or lower, but the second to fifth stars varied respectively 
to pink, yellow, blue and orange when heated to ZB^'C or higher and retained this state at the room temperature. 
When cooled again to 1 5^0 or lower, all the stars returned to metallic purple and retained this state at the room 
temperature. Thus this necklace can provide two designs In reversible manner, whteh the user dan arbitrarily 
select ... 

30 

Application example 3 

A ribbon-shaped broach was obtained by injection molding, at a cylinder temperature of 1 SO^'C and a nozzle 
temperature of 175°C, of a mbcture of 20 parts of a thermochromic pigment (black - colorless, color change at 
35 12*^0), 4 parts of an ordinary fluorescent pink pigment and 1 000 parts of high-impact polystyrene. Then sprayed 
thereon were a metallic luster pigment-containing spray paint consisting of 3 parts of a silver luster pigment 
(Superwhite (trade name) supplied by The Mearl Corporation (U.S A)), 40 parts of 50 % xylene sdution of 
acrylic resin and 40 parts of methylisobutylketone, and finally a lustrous dear top coating. 

Thus prepared thermochromic broach, which was pink at the room temperature, changed to silver cdor 
40 when cooled to 12^0 or lower, it returned to the original pink color when left at the room temperature above 
12X. 

Application example 4 

45 ' A picture of an autonnobile was printed witii ordinary offset printing ink on synthetic paper. Then thermo- 
chromic screen printing ink (biackcolorless, color change at 2X^0) was applied over tiie entire surface, covering 
said picture, and Ink containing a metailk: luster pigment was screen printed thereon over ttie entire surface. 
Subsequently the syntiietic paper was cut in the size of said picture, applied to a flat part of a key hdder and 
potted with ultravidet-settable acrylic resin to obtain a thermochromic key holder. 

so 

[Composition of thermochromic screen printing ink] 

10 parts ttiermochromic pigment (black - colorless, color change at dO^'C) 

10 parts ethylene- vinyl acetate copolymer emulsion 

55 30 parts 7 % aqueous solution of carboxy cellulose 

0.05 parts defoamer 



28 



EP 0*523 888 A1 

. [Composition of metallic luster pigment-containing screen printing ink] 



3 parts 


Iriodin 205 (Merck Japan) 


30 parts 


50 % xylene solution of acrylic resin 


5 10 parts 


vinyl chloride-vinyl acetate copolymer 


5 parts 


xylene 


5 parts 


methyibutyiketone . 


10 parts 


' aromatic medium-boiling solvent 


0.1 parts 


deformer 



10 The key holder thus prepared was gold color, which was replaced by the pk:ture of automobile when 
warmed with hand. It returned to gold color when left at the room temperature. 
In the following there will be explained applications or artificial nails. 

Application example 1 

15 

On an artif iciaJ nail made of acetyl cellulose resin, there were sprayed manually a thermochromic color- 
memorizing spray paint, consisting of 1 5 parts of a.thermochromic color-memorizing pigment (black - colorless, 
color generated at 15'*C and extinguished at Sd^'C), 3 parts of an ordinary fluorescent pink pigment 40 parts 
of 50 % xylene solution of acrylic resln^ 10 parts of xylene and 30 parts of methyl isobutyiketone, and a gold 

20 luster pigment'Containing spray paint, consisting of 3 parts of Hi-Lite Colors Gold (trade name) of The Mearl 
Corporation (U.S A), 40 parts of 50 % xylene solution of acrylic resin, 10 parts of xylene and 30 parts of me- 
thyl isobutyiketone, thereby obtaining a thernuschromic artificial nail. 

Said thermochromic artificial nail, which was gold at 15*^0 or lower, changed to pink color when warmed 
to 38*0 or higher and retained this state at the room temperature. When cooled to 15**C or lower, it returned 

25 to gold color and retained this state at the room temperature. Thus this artificial nail has two colors, which the 
user can arbitranly select Since the color changing temperature at the higher temperature side is 38*'C, the 
color change did not take place by body temperature or by ambient temperature, and the selected color could 
be stably maintained. 

30 Application example 2 

On an artificial nail made of pale yellow polyamide resin, heart-shaped marks of pink and black colors were 
printed with ordinary tampon printing inks. Then there were ttiereon sprayed, with a hand spray, a thermochrom- 
ic color-memorizing spray paint consisting of a thermochromic color-memorizing pigment (black - colorless, 

35 color changes at 1 T^'C and 32''C), 40 parts of 50 % xylene solution of acrylpolyol, 6 parts of a poiyisocyanate 
hardening agent and 40 parts of xylene, then a silver luster pigment-containing spray paint, consisting of 3 parts 
of Iriodin 200 (trade name) of Merck Japan, 40 parts of 50 % xylene solutk)n of acrylpolyol, 6 parts of a poiy- 
isocyanate hardening agent and 40 parts of xylene, and finally a lustrous clear top coating, thereby obtaining 
a tiiermochromic color-memorizing nail was siver color at 17*0 or lower, but, when heated to 32*0 or higher, 

40 ttie silver color was replaced by heart-shaped patterns of pearl pink and pearl blue on white background, and 
this state was retained at the room temperature. When cooled to 15*0 or lower, the naO returned to silver color 
and retained tiiis state at tiie room temperature. 

Application example 3 

45 

A thermochromic artificial nail 1 was formed by injection molding, at a cylinder temperature of 180*0 and 
a nozzle temperature of 175*0, of a mixture of 20 parts of a thermochromic pigment (black - colorless, color 
change at 18*0), 4 parts of an ordinary fluorescent pink pigment and 1000 parts of high-impact polystyrene. 
Then there was sprayed a metallic luster spray paint consisting of 3 parts of a metallic luster blue pigment (Ir- 
50 iodin 225 (Merck Japan), 40 parts of 50 % xylene solution of acrylic resin and 40 parts of methyiisobutylketone, 
and finally a lustrous dear top coating was applied by spraying. 

Thus prepared thermochromic artificial nail was pink colored In the normal state, and changed to metallic 
blue color when cooled to 18*0 or lower. It returned again to pink color at the room temperature, beyond 18*0. 

Therefore, said artificial nail is pink colored when worn in the indoor, but changes to metallic blue color 
55 outdoors in the winter time. 

As detaSedty explained in tiie foregoing^ ttie ttiermochromic laminate member of the present invention can 
exhibit color changes from gold or silver color, or from metallic luster colors such as metallic red, metallic purple, 
metallic blue or metallic green, thereby Improving the variety, of colors, delicateness, unexpectedness and dec- 
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oratjve character of color changes, and is applicable in various fields such as toys^ decorations, printing etc. 

The thernnochromic laminate member of the present invention retains the thermochromic function of the 
conventional thermochromic material and enhances the concealing effect, utilizing the light reflecting effect of 
the metallic luster pigment layer, thereby concealing and exhibiting a colored layer of various colors and den- 
sities by a temperature change. 

Said color change occurs in highly responsive manner in a system in which the thermochromic layer is 
formed with a thermochromic nriaterial of a small hysteresis, and with a reasonable response to temperature 
change if the thermochromic material of a medium hysteresis is employed. If the thermochromic material with 
a large hysteresis (including a color-memorizing thermochromic dye) Is employed, a state varied by heat or 
coldness is retained after the removal of such heat or coldness and can be perceived at the room temperature. 



Claims 

1. A thermochromic laminate member capable of reversible change between a metallic luster color and**a 
colorless state, comprising: 

A) a first layer for regulating the wavelength of reflected light, composed of a metallic luster pigment, 
which consists of natural mica particles surfactally coated with titanium oxide and which has a particle 
size of 5 to 100 \i m, and a fBnr\ forming material; and 

B) a second layer composed of a thernK>chromic material, which consists of an electron donating conn- 
pound, an electron accepting compound, and an organic medium enabling a reversible color-forming 
reaction between said compounds and which has a luminocity of 6 or lower in the cdor-developed state 
and a luminocity of 8 or higher in the color-extinguished state, and a film forming material. 

2. A thermochromic laminate member according to claim 1 . capable of reversible change between a metallic 
luster color and a colorless state, comprising: . 

' A) a first layer for regulating the wavelength of reflected light, selected from a group consisting of (a) 
a metallic luster coated layer obtained by a coating composition composed of a metallic luster pigment, 
which consists of natural^mica particles sur^cially coated with titanium oxide and which has a particle 
size of 5 to 100 ^m, a f Sm forming material and a vehicle, and (b) a metallic luster sheet molded firom 
a metallic luster pigment, which consists of natural mica partides surfadally coated with titanium oxide 
and which has a partide size of 5 to 100 ^m, and synthetic resin; and 

B) a second thermochromic layer selected from a group consisting of (A) a coated layer obtained from 
a coating composition composed of a thermochromic material, which consists of an electron donating 
compound, an electron accepting material and an organic medium capable of causing a reversible color- 
forming reaction between said compounds and which has a luminocity of 6 or lower in the color-devel- 
oped state and a luminodty of 8 or higher in the color-extinguished state, a film forming material and 
a vehide, and (b) a thermochromic sheet molded firom a thermochromic material, which consists of an 
electron donating compound, an electron accepting compound and an organic medium capable of caus- 
ing a reversible color-forming reaction between said compounds and which has a luminocity of 6 or low- 
er in the color-developed state and 'a luminodty of 8 or higher in the color-extinguished state, and syn- 
thetic resin. 

3. A thermochromic laminate member according to claim 1 or 2, capable of reversible change between a met- 
allic luster color and the color of a dye or a pigment, wherein the second thermochromic layer contains a 
non-thermochromic colored dye or pigment mixed therein, and the mixture has a luminodty VI of 6 or lower 
in the color-developed state and a colored luminocity V2 of 4 or higher in the color-extinguished state, 
said luminocities further satisfying a relation V2 - V1 > 1. 

♦ 

4. A therochromic laminate member according to any of daims 1 to 3, capable of reversible change between 
a metallic luster color and the color of a dye or a pigment, further comprising a non-thern)6chromic colored 
layer, which is positioned next to the thermochromic layer of said laminate member, is composed of a non- 
thermochromic colored dye or pigment and a film forming material, has a colored luminocity V3 of 4 or 
higher and satisfies a relation V3 - V4 > 1, wher in V4 is the luminodty of the thermochromic material in 
the color-developed state. 

5. A thermochromic laminate member according to any of daims 1 to 4, capable of reversible change be- 
tween a metallic luster odor and a colorless or pale yellow state or the color of a dye or a pigment, wherein 
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' the thermochromic material consists of microcapsules enclosing an electron donating compound, an elec< 
tron accepting compound and an organic medium capable of causing a reversible colorrforming reaction 
between said compounds. 

6. A thermochromic granular material formed into powder state by cutting the thermochromic laminate mem- 
ber according to any of claims 1 to 5, capable of reversible change between a metallic luster color and a 
colorless state or the color of a dye or a pigment 

7. A thermochromic fiber formed by cutting the thermochromic laminate member according to any of claims 
1 to 5, capable of reversible change between a metallic luster color and a colorless state or the color of 
a dye or a pigment 

8. A two-liquid coating composition for forming a thermochromic laminate member capable of reversible 
change between a metallic luster color and a colorless state, comprising the combination of: 

A) a coating composition composed of a metallic luster pigment consisting of natural mica particles sur- 
facially coated with titanium oxide, a film forming material,- and a vehicle; and 

B) a coating composition composed of a thermochromic material, which consists of an electron donating 
compound, an electron accepting material, and an organic medium capable of causing a reversible col- 
or-forming reaction between said compounds and which has a luminocity of 6 or lower in the color-de- 
veloped state and a luminocity of 8 or higher in the color-extinguished state, a f 9m forming material 
and a vehicle. 

9. A two-liquid coating composition according to daim 8, capable of reversible change between a metallic 
. luster color and the color of a dye or a pigment wherein the composition composed of the thermochromic 
material, the fSm forming material and the vehicle contains a non-thermochromic colored dye or pigment 
mixed therein, and the mixture has a luminocity V1 of 6 or lower in the color-developed state, and a lumi- 
nocity V2 of 4 or higher in the color-extinguished state, said luminocities further satisfying a relation V2 - 
VI >1. 

1 0. A three-liquid coating composition for forming a ttiermochromic laminate member capable of color change 
to the color of a non-thermochromic dye or pigment comprising: 

A) a coating composition composed of a metallic luster pigment consisting of natural mica particles sur- 
fadally coated with titanium oxide and having a partide size of 5 to 100 ^m, a film forming material 
and a yehide; 

B) a thermochromic composition selected from a group consisting of (a) a coating composition con> 
posed of a thermochromic material, which consists of an electron donating compound, an electron ac- 
cepting compound and an organic medium capable of causing a reversible color-forming reaction be- 
tween said.compounds and which has a luminocity of 6 or lower in the color-developed state and a |u- 
minodty of 8 or higher In the cdor-extinguished state, a film forming material and a vehide. and (b) a 
coating composition composed of a tiiermochromic material, which consists of an electron donating 
compound, an electron accepting compound and an organic naedium capable of causing a reversible 
color-forming reaction between said compounds and which has a luminocity of 6 or lower in the color- 
developed state and a luminocity of 8 or higher in the color-extinguished state, and a non-thermochrom- 
ic colored dye or pigment mixed therein, and the mixture has a iuminodty VI of 6 or lower in the color- 
developed state and a Iuminodty V2 of 4 or higher in the color-extinguished state, said luminodties sat- 
isfying a relation V2 - V1 > 1; and 

C) a coating composition composed of a non-thermochromic dye or pigment a, film forming material 
and a vehide, having a luminocity V3 of 4 or higher and satisfying a realtion V3 - V4 > 1. wherein V4 
is the Iuminodty of the thermochromic material in the color-developed state. 

11. Aliquid coating composition according to any of daims 8 to 1 0, for forming a thermochromic laminate menv 
ber capable of reversible change between a metallic luster color and a colorless or pale yellow state or 
the color of a dye or a pigment wherein the thermochromic material consists of miaocapsuies endosing 
an electron donating compound, an electron accepting compound and an organic medium capable of caus- 
ing a r versible cdor-forming reaction betw en said compounds. 

12. Asheet forforming thermochromic laminate member capable of reversible change between a metallic lus- 
ter color and a colorless state, comprising a combination of: 

A) a metallic luster sheet molded from a metallic luster pigment consisting of natural mica particles sur- 
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facially coated with titanium oxide and having a partici size of 5 to 100 ^ m, and synthetic resin; and 
B) a thermochronnic sheet molded from a therochromic material, which consists of an electron donating 
compound, an electron accepting compound, and an organic medium capable of causing a reversible 
color-forming reaction between said compounds and Which has a luminocity of 6 or lower in the color- 
developed state and a luminocity of 8 or higher in the color-extinguished state, and synthetic resin. 

1 3. A sheet according to daim 1 2 for forming thermochromic laminate member capable of reversible change 
between a metallic luster color and the color of a dye or a.pigment, wherein the thermochromic sheet com- 
prises, in addition to the thermochroic material, a non-thermochromic colored dye or pigment and has a 
luminocity VI of 6 or lower in the color-developed state and a luminocity V2 of 4 or higher in the color- 
extinguished state, wherein said luminocities satisfy a relation V2 - V1 > 1. 

14w- Three combined sheets for forming a thermochromic laminate member capable of reversible change be- 
tween a metallic luster color and the color of a dye or a pigment, comprising: 

A) a metallic luster sheet molded from a metallic luster pigment consisting of natural mica particles sur- 
^ctally coated with titanium oxide and having a partide site of.5 to 100 ^m, and synthetic resin; 

B) a thermochromic sheet selected from a group consisting of (a) a sheet molded from a thermochromic 
mateirial consisting of an electron donating compound, an electron accepting compound and an organic 
medium capable of causing a reversible color-forming reaction between said compounds and having 
a luminocity of 6 or lower in the color-developed state and a luminocity of 8 or higher in the color-ex- 
tinguished state, and (b) a sheet molded from a thermochromic material consisting of an electron don- 
ating compound, an electron accepting compound and an organic medium capable of causing a rever- 
sible color-forming reaction between said compounds and having a luminocity of 6 or lower in the color- 
developed state and a luminodty of 8 or higher in the cdor extinguished state, and a non*thermochromic 
colored dye or pigment mwed therein, wherein the mixture has a luminodty V1 of 6 or lower in the color- 
developed state and a luminodty V2 of 4 or higher in the cdor-extinguished state, said luminodties sat- 
isfying a relation V2 - V1 > 1 ; and 

C) a colored sheet composed of a non-thermochromic colored dye or pigment and synthetic resin, and 
having a luminodty V3 which satisfies a relation V3 - V4 > 1 . wherein V4 Is the luminodty of the ther- 
mocHromic material in the cdbr-generated state. 

15. Combined sheets according to any of daims 12 to 14, for forming a thermochroniic laminate member ca- 
pable of reversible change from a metallic luster cdor to a cdorless or pale yellow state or the color of a 
dye or a pigment, wherein the thermochromic material consists of nnicrocapsules endosing an electron 
donating compound, an electron accepting compound and an organic medium capable of causing a re- 
versible color-forming reaction between said compounds. 

16. A thermochromic laminate member according to any of daims 1 to 5, or a coating composition according 
to any of daims 8 to 11. or a sheet for forming the thermochromic laminate member according to any of 
daims 12 to 15, wherein the metallic luster pigment is selected firom a group consisting of a gold luster 
pigment consisting of natural mica partides surfacially coated with titanium oxide of 41 - 44 wt% with an 
optical thickness of 180 - 240 nm, and having a partide size of 5 - 60 ^m, a gold luster pigment consisting 
of natural mica partides surfacially coated with titanium oxide of 30 - 48 wt% with an optical thickness 
of 140 - 240 nm. and having a partide size of 5 - 60 jrni, a gold luster pigment consisting of natural mica 
particles surfacially coated with titanium oxide of 30 - 48 wL% and further with a non-thermochromic col- 
ored pigment of 0.5 - 10 wt.%, with a combined optical thickness of 140 - 240 nm, and having a partide 
size of 5 - 60 ^un, a silver luster pigment consisting of natural mica partides surfacially coated with titanium 
oxide of 16 - 39 wt% with an optical thickness of 110 - 170 nm, and having a partide size of 5 - 100 ^tm. 
and a metallic luster pigment consisting. of natural mica partides surfadally coated with titanium oxide of 
45 - 58 wt% wiht an optical thickness of 245 - 415 nm, and having a partide size of 5 - 60 ^m. 

17. A thermochromic laminate member, a coating composition or a sheet according to daim 16, wherein the 
metallic luster pigment is selected from a group consisting of a metallic luster pigment consisting of natural 
mica partides surfacially coated with titanium oxide of 45 - 58 wt.% and further with iron oxide of 4 - 10 
wt % with a combined optical thickness of 245 - 4 1 5 nm, and haying a partide size of 5 - 60 ^ m, a metallic 
luster pigment consisting of natural mica partides surfacially coated with titanium oxide of 45 - 58 wt.% 
and further with a non-thermochromic colored dye or pigment 0.5-10 wt.% with a combined optical thick- 
ness of 245 - 415 nm, and having a partide size of 5 - 60 nm, a metallic luster red pigment consisting of 
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* 

natural mica particles surfacially coated with titanium oxide of 45 * 47 wt% with an optical thickness of 
245 - 275 nm, a metallic luster purple pigment consisting of natural mica particles surfacially coated with 
titanium oxide of 48 - 50 wt% with an optical thickness of 280 - 310 nm, a metallic luster blue pigment 
consisting of natural mica particles surfacially coated with titanium oxide of 51 - 54 wt% with an optical 
5 thickness of 31 5 - 350 nm, and a metallic luster green pigment consisting of natural mica particles surfa- 

cially coated with titanium oxide of 55 - 58 wt% with an optical thickness of 375 - 415 nm. 

18. A thermochromic laminate member according to any of daims 1 to 5 or combined sheets according to any 
of daims 1 2 to 1 5 for forming a thermochromic laminate member, which comprise being adapted for con^ 

10 stituting a toy. 

19. A thermochromic laminate member according to any of daims 1 to 5 or combined sheets according to any 
of daims 12 to 15 for forming a thermochromic laminate member, which comprise being adapted for con- 
stituting an accessory. 

20. A thermochromic laminate member according to any of daims 1 to 5 or combined sheets according to any 
of daims 12 to 15 for forming a thermochromic laminate member, which comprise being adapted for con- 
stituting an artifidal nail. 
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